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ABSTRACT 

The vascular flora of Horseshoe Bottom Nature Preserve, Vermilion County, Illinois, was 

studied during the growing seasons of 1992-1998. A total of 463 taxa were found: eight 

fern-allies and ferns, one gymnosperm, 110 monocots, and 344 dicots. The families with 

the largest number of taxa included the Asteraceae with 66 taxa, the Poaceae with 50 

taxa, and the Cyperaceae with 30 taxa, of which 23 were members of the genus Care:t. A 

grass hybrid (Elymus x ebingeri G.C. Tucker) was listed in Illinois for the first time. 

Four forest communities (wet floodplain, swamp, mesic floodplain, mesic upland) were 

surveyed, and the density (stems/ha), basal area (m2/ha), importance value, and average 

diameter were determined for each overstory species. The wet floodplain forest was 

dominated by silver maple; the swamp by silver maple, green ash, and black ash; the 

mesic floodplain forest by white oak, black oak, slippery elm, bitternut hickory, and 

shagbark hickory; and the mesic upland forest, situated on steep south-facing and west¬ 

facing hillsides, was dominated by red oak, white oak, and sugar maple. A small glacial 

drift hill prairie, dominated by little bluestem, was located on a bluff in the preserve. 

INTRODUCTION 

Horseshoe Bottom Nature Preserve (HBNP) is located in central Vermilion County, east- 

central Illinois. The preserve is owned by the Vermilion County Conservation District 

and is part of Kennekuk Cove County Park, an area of 1,214 ha (3,000 acres). The park 

borders the north and south sides of the preserve with the east side bordered by privately 

owned agricultural land, mostly hay fields. The west side is bordered by the Middle Fork 

of the Vermilion River, which is a designated National Scenic River. The Middle Fork 

State Fish and Wildlife Area, located west of the river, encompasses 1,220 ha (3,015 

acres) owned by the Illinois Department of Natural Resources. The HBNP is one of eight 

dedicated nature preserves in Vermilion County. No previous studies have been pub¬ 

lished on the vascular flora of these preserves. 
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HBNP is 40 ha (99 acres) in size, 21 ha (52 acres) dedicated as a nature preserve in 1979, 

the remainder being buffer. Though subjected to some disturbances, particularly cutting 

around the turn of the century and heavy grazing into the 1940s, HBNP has a relatively 

high diversity of plant and animal life. The present study was undertaken to document 

the vascular flora of the preserve, and to determine the composition and structure of the 

natural plant communities present. 

MATERIALS AND METHODS 

At various times throughout the growing seasons, from late 1993 through fall of 1998, 

field trips were made to HBNP. During each trip voucher specimens were collected, 

habitat data for each taxon determined, and the natural communities delineated. The 

material collected was identified and deposited in the herbarium of the Illinois Natural 

History Survey (ILLS), Champaign, Illinois. Criteria for designating native and non¬ 

native taxa followed Fernald (1950), Steyermark (1963), Mohlenbrock (1986), and 

Gleason and Cronquist (1991). 

During the summer of 1996, a randomly located 0.5 ha section (50 m x 100 m) within 

each of the four forest communities (wet floodplain, swamp, mesic floodplain, mesic 

upland) was divided into eight quadrats 25 m on a side. In each quadrat all living woody 

individuals 10 cm dbh (diameter at breast height, 1.5 meter above the ground) and above 

were identified and their diameters recorded. From these data density (stems/ha), basal 

area (m2/ha), relative density, relative dominance, importance value (IV), and average 

diameter (cm) were calculated for each species. Determination of the IV follows the pro¬ 

cedure used by McIntosh (1957), and is the sum of the relative density and relative domi¬ 

nance of a given species. Density (stems/ha) of woody understory species was deter¬ 

mined using 10 nested circular plots 0.0001, 0.001, and 0.01 ha in size, randomly located 

along line transects through the study areas. Four additional 0.0001 ha circular plots 

were located 6 m from each center along the cardinal compass directions. In 0.0001 ha 

plots tree seedlings (<50 cm tall) and all shrubs were counted, in 0.001 ha circular plots 

small saplings (>50 cm tall and <2.5 cm dbh) were counted, and in 0.01 ha circular plots 

large saplings (2.5-9.9 cm dbh) were counted. Nomenclature follows Mohlenbrock 

(1986) and/or Gleason and Cronquist (1991). 

Ground layer species (species <1.5 m tall) of the small glacial drift hill prairie were ana¬ 

lyzed using 1/4 m2 quadrats located at each meter mark along a north/south transect 20 m 

long. The cover of each species was determined using Daubenmire (1959) cover classes 

as modified by Bailey and Poulton (1968). From these data cover (%), relative cover, 

frequency (%), relative frequency, and importance value of each species were calculated. 

DESCRIPTION OF THE STUDY AREA 

HBNP is in the Vermilion River Section of the Wabash Border Division (Schwegman et 

al. 1973). Located on the Wisconsin Till Plain, HBNP is about 80 km north of the termi¬ 

nal moraine. This very level region, exposed by the retreating glacier, was dissected by 

rapid down cutting from the post-glacial river, leaving behind the entrenched Middle 

Fork of the Vermilion River. Presently, this section is characterized by rugged topogra¬ 

phy along major streams surrounded by relatively flat uplands. Presettlement vegetation 
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was mostly wet-mesic to dry forests in ravines and dissected uplands, with mesic prairie, 

savanna, and open woodlands on flat to gently rolling uplands. 

This 40 ha preserve is situated 8 km south of Potomac, Illinois (SE 1/4 S36 T21N R13W, 

SW 1/4 S 31 T21N R12W). Elevation of HBNP is from 180 m above sea level at the 

river bed to nearly 200 m at its highest point. The climate of east-central Illinois is conti¬ 

nental with cool winters, hot summers, and little or no water deficit in any season of the 

year (Page 1949, Fehrenbacher et al. 1967, Schwegman et al. 1973). In Danville, Illinois, 

15 km to the southeast, average precipitation is 101.6 cm, with the month of May having 

the highest rainfall. Mean average temperature in Danville is 11.3°C with the hottest 

month being July (average of 24°C) and the coldest January (average of -3.8°C). The 

number of frost free days is 170 to 180. 

RESULTS AND DISCUSSION 

Vascular Plant Species Present 

The flora of HBNP consisted of 463 species and subspecific taxa within 273 genera and 

89 families. Of these taxa, 52 (11.2%) were not native to Illinois. 

Fern-allies, ferns, and gymnosperms were poorly represented at HBNP, accounting for 

only 9 taxa (2% of all taxa) while angiosperms accounted for the remainder. Among the 

angiosperms, monocots accounted for 110 taxa in 52 genera and 12 families (24% of all 

taxa), while dicots accounted for 344 taxa in 214 genera and 73 families (74% of all 

taxa). Genera represented by the most taxa were Carex (23), Solidago (10), and Aster 

(8). Families with the most taxa were Asteraceae (66), Poaceae (50), Cyperaceae (30), 

Rosaceae (19), Brassicaceae (16), Lamiaceae (15), Fabaceae (14), Scrophulariaceae (13), 

and Apiaceae (13). A grass hybrid (Elymus x ebingeri G.C. Tucker) was listed in Illinois 

for the first time. This hybrid was first described in 1996 (Tucker 1996). For a complete 

list of taxa see Appendix 1. 

Habitat Types Present 

Natural plant communities were designated primarily using the community classification 

of White and Madany (1978). Most of these communities have been influenced by vari¬ 

ous disturbances such as occasional flooding, past management practices, fire suppres¬ 

sion, grazing, and wildlife activity, particularly browsing by white-tailed deer 

(Odocoileus virginianus). Below is a description of each forest community surveyed at 

HBNP. In addition to the communities discussed, a disturbed upland forest, 0.3 ha in 

size, was located at the northwest corner of the preserve; a swamp white oak flatwoods, 

about 0.8 ha in size, occurred in part of a meander scar; a perennial stream ran along the 

west side of the preserve; and a few successional fields, totaling about 15.6 ha, were also 

present (Figure 1). 

Wet Floodplain Forest. Characterized by frequent flooding during the growing season, 

this 2.5 ha community had a low diversity of woody and herbaceous species. The over¬ 

story contained 10 tree species with a density of 288 stems/ha, and basal area of 32.38 

m2/ha (Table 1). Silver maple (Acer saccharinum) dominated, was common in all 

diameter classes, had an average diameter of 39.5 cm, and an IV of 112. Box elder (Acer 

negundo), mostly restricted to the small diameter class, had an average diameter of 17.5 
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cm and ranked second with an IV of 26.9. Sycamore (Platanus occidentalis), with an 

average diameter of 57.1 cm, ranked third in IV with most individuals in the 50+ diame¬ 

ter class. Few woody understory trees and shrubs occurred in the very open understory, 

although the vines poison ivy (Toxicodendron radicans) and trumpet creeper (Campsis 

radicans) were common. Tree seedlings and small saplings were not encountered in the 

sample plots. Large saplings had a density of 140 stems/ha with box elder and hackberry 

(Celtis occidentalis) the most common. 

Swamp. This 1.2 ha community was located in part of an old meander scar on the ter¬ 

race. The overstory contained 15 tree species with a density of 490 stems/ha and basal 

area of 38.67 m2/ha (Table 1). Silver maple was common in all diameter classes, had an 

average diameter of 27.8 cm, and was the leading dominant with an IV of 68.5. Green 

ash (Fraxinus pennsylvanica ) and black ash (F. nigra) ranked second and third with IV's 

of 48.6 and 41.8, respectively. Both were common in the smaller diameter classes, most 

individuals being less than 50 cm dbh. Swamp white oak (Quercus bicolor) and syca¬ 

more were relatively common species in the larger diameter classes, while American elm 

(Ulmus americana) was fairly common in the 10-29 cm diameter class. Woody seedlings 

had a density of 2,800 stems/ha, with green ash, silver maple and American elm common. 

The small sapling layer was dominated by green ash with a density of 600 stems/ha, 

while large saplings had a density of 192 stems/ha, with silver maple and ash species the 

most common. Buttonbush (Cephalanthus occidentalis) dominated the shrub zone. 

Mesic Floodplain Forest. This 12.7 ha community occurred on the terrace about 5 m 

above the wet floodplain forest; rarely flooding during the growing season. The over¬ 

story contained 17 tree species with a density of 288 stems/ha and basal area of 26.48 

m2/ha (Table 1). White oak (Quercus alba), with an IV of 56.4, and black oak (Q. 

velutina), with an IV of 36.6, dominated the larger diameter class, both with average 

diameters of 47 cm. Slippery elm (Ulmus rubra), with an IV of 32.7, dominated the 10- 

29 cm diameter class. Together bitternut hickory (Carya cordiformis) and shagbark 

hickory (C. ovata) exceeded the IV of slippery elm and ranked fourth and fifth respec¬ 

tively. Woody seedlings had a density of 11,000 stems/ha; green ash and bitternut hick¬ 

ory accounted for 60% of the total. The shrub layer was dominated by Missouri goose¬ 

berry (Ribes missouriense), probably an indication of past grazing (Steyermark, 1963). 

Small saplings had a density of 1,300 stems/ha, large saplings had a density of 1,190 

stems/ha, with elms and green ash the dominant taxa. 

Mesic Upland Forest. This 7.3 ha community was located on steep, south-facing and 

west-facing hillsides. On the west-facing hillside the overstory contained 16 tree species 

with a density of 382 stems/ha and basal area of 35.29 m2/ha (Table 1). Red oak (Quer¬ 

cus rubra) dominated the larger diameter classes, had an average diameter of 47.8 cm, 

and was the leading dominant with an IV of 71.1. Sugar maple (Acer saccharum) domi¬ 

nated the smallest diameter class (10-29 cm) with a density of 138 stems/ha, had an aver¬ 

age diameter of 17.6, and ranked second with an IV of 56.9. Sugar maple also dominated 

the seedling (5,200 stems/ha) and sapling (1,300 stems/ha) layers. The only other com¬ 

mon overstory species was white oak with an IV of 36.8. In addition to sugar maple, 

seedlings of green ash, American elm, and black cherry (Prunus serotina) were common. 
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Glacial Drift Hill Prairie. Located on a bluff overlooking the Middle Fork of the Ver¬ 

milion River, most of the hill prairie has been lost due to undercutting and subsequent 

slumping of the bluff face. The prairie covered an area of about 100 m2. Woody 

encroachment had occurred with hop hornbeam (Ostrya virginiana) and black haw 

(Viburnum prunifolium) the common species. Herbaceous species were similar to those 

encountered at Windfall Prairie, located just a few km to the south, and to other glacial 

drift hill prairies found in east-central Illinois (Ebinger 1981). 

Species diversity was low, only 39 species were recorded in the plots. Of these, two were 

naturalized (Poa compressa and Melilotus alba) while 10 were woody taxa encroaching 

the prairie (Table 2). Little bluestem (Schizachyrium scoparium) was the dominant spe¬ 

cies present. Two additional graminoid taxa, Pennsylvania sedge (Carex pensylvanica) 

and side-oats grama (Bouteloua curtipendula) were common. Prominant forbs included 

woodland sunflower (Helianthus divaricatus) and elm-leaved goldenrod (Solidago ulmi- 

folia), both open woodland species, along with prairie forbs partridge pea (Cassia fas- 

ciculata), hairy meadow parsnip (Thaspium barbinode), prairie-dock (Silphium terebin- 

thinaceum), and rigid goldenrod (Solidago rigida). 

The communities at HBNP had been subjected to extensive cutting and grazing before 

the area was dedicated as a nature preserve. The forests contained numerous small 

diameter trees with occasional large, open-grown trees with low branches and branch 

scars. This forest structure indicated a more open woodland during the first half of this 

century when cutting and grazing probably occurred. At the time of this survey, the for¬ 

ests were recovering and a stratified structure was developing with many trees entering 

the canopy. Also, the mesic upland forest was becoming dominated by sugar maple, 

which will increase in importance as the oaks die (Ebinger 1986, Ebinger and McClain 

1991). Current management activities involve the control of exotic species and 

encroaching native species as well as the planting of oak acorns into successional fields. 
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APPENDIX 1 

Vascular Plants of Horseshoe Bottom Nature Preserve, 

Vermilion County, Illinois 

Natural plant communities: 

1. Dry upland forest 

2. Mesic upland forest 

3. Mesic floodplain forest (terrace) 

4. Wet floodplain forest 

5. Perennial stream 

6. Glacial drift hill-prairie 

7. Seep and swamp forest 

8. Swamp White Oak flatwoods 

9. Successional field 

Collections and identification were conducted 1992-1998. 

The vascular taxa encountered and collected at Horseshoe Bottom Nature Preserve are 

listed in the following pages. All species are arranged into their appropriate divisions 

which include: Sphenophyta, Pteridophyta, Coniferophyta, and Anthophyta which are 

divided into Monocotyledoneae and Dicotyledoneae. We have arranged the families, 

genera, and species alphabetically within each group. Non-native taxa are indicated by 

an asterisk ( * ). After the binomial and the authority, the collecting numbers preceded 

by the initial of the collectors last name (P for Phillippe, E for Ebinger or S for Simon) 

are given. The number of the community where the voucher specimen for the taxon was 

collected is given next, and then the numbers of the other communities where it was 

found. 

SPHENOPHYTA 

EQUISETACEAE - HORSETAIL FAMILY 
Equisetum arvense L., Common Horsetail: S458, S510; 9 
Equisetum hyemale L. var. affine (Engelm.) A.A.Eaton, Scouring Rush: S511; 9, 5 

PTERIDOPHYTA 

ASPLENIACEAE - SPLEENWORT FAMILY 
Asplenium platyneuron (L.) Oakes, Ebony Spleenwort: S362, S476, S693; 6, 1, 9 
Athyrium angustum (Willd.) Presl, Lady Fern: S446; 3 
Cystopteris protrusa (Weatherby) Blasd., Fragile Fern: S302, S450, S538; 2, 3, 8 
Onoclea sensibilis L., Sensitive Fem: S634; 3, 7 

OPHIOGLOSSACEAE - ADDER’S-TONGUE FAMILY 
Botrychium dissectum Spreng. var. obliquum (Muhl.) Clute, Grape Fem: S701; 9, 3 
Botrychium virginianum (L.) Sw., Rattlesnake Fem: S244; 2, 3 

CONIFEROPHYTA 

CUPRESSACEAE - CYPRESS FAMILY 
Juniperus virginiana L., Red Cedar: S639; 6, 1, 9 
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ANTHOPHYTA 

MONOCOTYLEDONAE 

ALISMACEAE - WATER PLANTAIN FAMILY 
Alisma plantago-aquatica L., Water Plantain: S530; 7 

ARACEAE - ARUM FAMILY 
Arisaema dracontium (L.) Schott, Green Dragon: S323; 4, 3 
Arisaema triphyllum (L.) Schott, Jack-in-the-Pulpit: P19831; 2, 3 

CYPERACEAE - SEDGE FAMILY 
Carex annectens Bickn.: S261, S376; 9 
Carex blanda Dewey: S225, S227, S258, S265, S332; 2, 1,3, 6, 9, 
Carex cephalophora Willd.: S229, S279, S334, S335, S394; 2, 1, 9 
Carex frankii Kunth: S381, S755; 5, 9 
Carex glaucodea Tuckerm.: S284; 8, 1,9, 
Carex granularis Willd.: S342; 9, 3 
Carex grayi Carey: S252, S354; 4, 7, 9, 
Carex hirsutella Mack.: S238, S260, S271, S281, S333, S374-B; 1, 2, 6, 9 
Carex hystricina Willd.: S351; 7, 8 
Carex jamesii Schwein.: S226, S311; 2 
Carex lacustris Willd.: S232, S343; 8, 7 
Carex lupulina Willd.: S344; 8, 7 
Carex molesta Mack.: S254, S276, S345, S361, S412; 4, 8, 9 
Carex muskingumensis Schwein.: S340, S352, P29858; 7, 4, 8, 
Carex oligocarpa Willd.: S224, S228, S239, S280, S368, S379; 1, 2, 3, 6, 9 
Carex pensylvanica Lam.: S212; 1, 2, 3, 6 
Carex radiata (Wahl.) Sm.: S243, S348; 2, 7 
Carex rosea Willd.: S213; 2, 1, 3, 7 
Carex shortiana Dewey: S233, S259, S403, S414; 8, 9 
Carex sparganioides Willd.: S230, S231, S313; 2, 3 
Carex sprengelii Dewey: S358; 4, 9 
Carex squarrosa L.: S341; 8, 7 
Carex stipata Muhl.: P29611; 7 
Cyperus acuminatus Torr. & Hook.: P29865; 9 
Cyperus lupulinus (Spreng.) Marcks: S360; 9 
Cyperus odoratus L.: S736; 5 
Eleocharis obtusa (Willd.) Schult., Spike Rush: S405; 9, 5 
Eleocharis verrucosa (Svens.) Harms., Spike Rush: S267, S406, S407; 9 
Scirpus americanus Pers.: P29875; 4 
Scirpus cyperinus (L) Kunth: E27704; 9 

COMMELINACEAE - SPIDERWORT FAMILY 
Tradescantia subaspera Ker., Spiderwort: S306, S452; 3 
Tradescantia virginiana L., Spiderwort: S219; 2, 1 

DIOSCOREACEAE - WILD YAM FAMILY 
Dioscorea villosa L., Wild Yam: S457, S659; 7, 3 

IRIDACEAE - IRIS FAMILY 
*Belamcanda chinensis (L.) DC., Blackberry Lily: S475; 6 
*Iris x germanica L., Bearded Iris: S262, S531; 9 
Iris shrevei Small, Wild Blue Iris: S531; 7 
Sisyrinchium angustifolium Mill., Blue-eyed Grass: S380; 9 
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JUNCACEAE - RUSH FAMILY 
Juncus brachycarpus Engel.: S391, S709; 9 
Juncus dudleyi Weig.: S356; 9 
Juncus interior Weig.: S369; 9 

LEMNACEAE - DUCKWEED FAMILY 
Lemna minor L., Duckweed: S763; 7 

LILIACEAE - LILY FAMILY 
Allium canadense L., Wild Onion: S304; 2, 3, 9 
Allium tricoccum Ait., Wild Leek: S242, P29614; 2, 3 
Erythronium albidum Nutt., White Dog-tooth Violet: PI9836; 2, 3 
*Hemerocallis fulva (L.) L., Orange Day Lily: P29845; 3 
Hypoxis hirsuta (L.) Coville, Yellow Star Grass: S237; 2, 1, 6 
Polygonatum biflorum (Walt.) Ell., Small Solomon’s Seal: S253; 4 
Smilacina racemosa (L.) Desf., False Solomon's Seal: P29616; 3, 2 
Smilacina stellata (L.) Desf., Small False Solomon's Seal: P29623; 4 
Trillium recurvatum Beck, Red Trillium: P19824; 2, 3 
Uvularia grandiflora Sm., Yellow Bell wort: PI 9828; 2, 3 

ORCHIDACEAE - ORCHID FAMILY 
Aplectrum hyemale (Willd.) Nutt., Putty-root Orchid: E27701; 3 
Corallorhiza odontorhiza (Willd.) Nutt., Fall Coral-root Orchid: S757; 9, 2 
Galearis spectabilis (L.) Raf., Showy Orchis: P29843; 3 

POACEAE - GRASS FAMILY 
*Agrostis alba L., Red Top: S480, S504; 6, 9 
Agrostis hyemalis (Walt.) BSP., Tickle Grass: S404; 9 
Agrostis perennans (Walt.) Tuckerm., Upland Bent Grass: S610, S660, S662; 7, 1, 9 
Alopecurus aequalis Sobol., Foxtail: P29612; 7 
Bouteloua curtipendula (Michx.) Torr., Sideoats Grama: S465; 6 
Brachyelytrum erectum (Schreb.) Beauv.: S346, S434; 2, 8 
*Bromus commutatus Schrad., Hairy Chess: S273, S387; 9 
*Bromus inermis Leyss., Awnless Brome Grass: S413; 9 
Bromus pubescens Muhl., Canada Brome Grass: S310, S433; 2, 1, 6 
Bromus purgans L., Brome Grass: S562; 4 
Chasmanthium latifolium (Michx.) Yates, Sea Oats: S603; 9, 2, 3 
Cinna arundinacea L., Stout Wood Reed: S541; 2, 1, 7, 8 
*Dactylis glomerata L., Orchard Grass: S269; 9 
Danthonia spicata (L.) Roem. & Schultes, Curly Oat Grass: S319; 2, 1, 6 
Diarrhena americana Beauv. var. obovata Gl.: S420, S565; 3, 7 
*Digitaria ischaemum (Schreb.) Muhl., Smooth Crab Grass: S716; 9 
*Echinochloa crus-galli (L.) Beauv., Barnyard Grass: S591; 9, 5 
Elymus canadensis L., Nodding Wild Rye: S600, S649; 6 
Elymus x ebingeri G.C. Tucker, Ebinger's Wild Rye: E27702; 7 
Elymus hystrix L., Bottlebrush Grass: S315; 2, 1, 3 
Elymus villosus Muhl.: S329; 4, 1, 2, 3, 8 
Elymus virginicus L., Virginia Wild Rye: S324, S498; 4, 3, 7, 8, 9 
*Festuca pratensis Huds., Meadow Fescue: S365; 9 
Festuca obtusa Biehler, Nodding Fescue: S307, S390; 2, 3, 9 
Glyceria striata (Lam.) Hitchcock, Fowl Manna Grass: E27703; 7 
Leersia lenticularis Michx., Catchfly Grass: S557; 8 
Leersia virginica Willd., White Grass: S425, S468, S558; 6, 2, 3, 4, 7, 8 
Muhlenbergia bushii Pohl, Muhly: S561; 5 
Muhlenbergia frondosa (Poir.) Fern., Muhly: S731, S754; 5 
Muhlenbergia schreberi J.F. Gmel., Nimble Will: S700; 9 
Muhlenbergia sobolifera (Muhl.) Trin., Muhly: S546; 2, 1 
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Muhlenbergia sylvatica (Torr.) Torr., Muhly: S661; 4 
Panicum clandestinum L., Deer-tongue Grass: S400, S611; 9, 3 
Panicum dichotomiflorum Michx., Fall Panicum: S717; 9 
Panicum lanuginosum Ell. var. fasciculatum (Torr.) Fern.: S336, S375, S506; 2, 1, 6, 9 
Panicum latifolium L., Broad-leaved Panic Grass: S312; 9, 3 
Panicum virgatum L., Switch Grass: P29872; 5, 6 
Phalaris arundinacea L., Reed Canary Grass: S747; 5 
*Phleum pratense L., Timothy: S371; 9 
Poa chapmaniana Scribn., Annual Bluegrass: P19855; 9 
*Poa compressa L., Canadian Bluegrass: S308, S318; 2, 1, 6, 9 
*Poa pratensis L., Kentucky Bluegrass: S268, S367, S393, S415; 9, 6 
Poa sylvestris A. Gray , Woodland Bluegrass: S216; 2, 3 
Schizachyrium scoparium (Michx.) Nash, Little Bluestem: S602, S718; 6, 1, 9 
*Setaria faberii Herrm., Giant Foxtail: S712; 9 
*Setaria glauca (L.) Beauv., Yellow Foxtail: S623, S711; 9 
Sorghastrum nutans (L.) Nash, Indian Grass: S647; 6, 9 
Sphenopholis obtusata (Michx.) Scribn. var. major (Torr.) Erdman: S240, S305; 1, 2, 6, 
Tridens flavus (L.) Hitchcock, Purple Top: S612; 9 
Vulpia octoflora (Walt.) Rydb., Six-weeks Fescue: S235, S357; 6, 9 

SMILACACEAE - SMILAX FAMILY 
Smilax ecirrhata Kunth, Carrion Flower: P29617; 3 
Smilax hispida Muhl., Bristly Catbrier: S567; 2, 1,3, 4, 6, 7, 8 
Smilax lasioneuron Hook., Carrion Flower: S519; 9, 3 

DICOTYLEDONAE 

ACANTHACEAE - ACANTHUS FAMILY 
Ruellia humilis Nutt., Wild Petunia: S477, S630; 6, 9 
Ruellia strepens L., Smooth Ruellia: S322; 4, 3 

ACERACEAE - MAPLE FAMILY 
Acer negundo L. Box Elder: S325, S730; 4, 9 
Acer saccharinum L., Silver Maple: S759; 4, 7, 8 
Acer saccharum Marsh., Sugar Maple: S721; 1, 2, 5, 6, 9 

AMARANTHACEAE - PIGWEED FAMILY 
Amaranthus rudis Sauer, Water Hemp: S741; 5 

ANACARDIACEAE - CASHEW FAMILY 
Rhus glabra L., Smooth Sumac: S377; 9 
Toxicodendron radicans (L.) Kuntze, Poison Ivy: S615; 1, 2, 3, 4, 6, 7, 8, 9 

ANNONACEAE - CUSTARD FAMILY 
Asimina triloba (L.) Dunal, Pawpaw: S637; 3 

APIACEAE - CARROT FAMILY 
Chaerophyllum procumbens (L.) Crantz, Wild Chervil: S211, P19846; 2, 3 
Cryptotaenia canadensis (L.) DC., Honewort: S655; 4, 2, 3, 7, 8 
*Daucus carota L., Wild Carrot, Queen-Anne’s-Lace: S494, S599; 2, 9 
Erigenia bulbosa (Michx.) Nutt., Harbinger-of-Spring: P19815; 3 
Heracleum lanatum Michx., Cow Parsnip: S255; 3 
Osmorhiza claytonii (Michx.) Clarke, Sweet Cicely: S218; 2, 3 
Osmorhiza longistylis (Torr.) DC.: S217; 2, 3 
Oxypolis rigidior (L.) Raf., Cowbane: P29844; 7 
Sanicula canadensis L., Canadian Black Snakeroot: S397; 9, 1, 2, 3 
Sanicula gregaria Bickn., Common Snakeroot: S221; 2, 3, 7 
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Sium suave Walt., Water Parsnip: S436; 8, 7 
Taenidia integerrima (L.) Drude, Yellow Pimpernel: S236; 1, 6 
Thaspium barbinode (Michx.) Nutt., Hairy Meadow Parsnip: S256, S373; 9, 6 

APOCYNACEAE - DOGBANE FAMILY 
Apocynum cannabinum L., Dogbane: P29876; 9 

ARALIACEAE - ARALIA FAMILY 
Panax quinquefolius L., Ginseng: S435; 2, 3 

ARISTOLOCHIACEAE - BIRTHWORT FAMILY 
Aristolochia serpentaria L., Virginia Snakeroot: S245; 2, 3 
Asarum canadense L. var. reflexum (Bickn.) Robins., Wild Ginger: P19829; 3, 2 

ASCLEPIADACEAE - MILKWEED FAMILY 
Asclepias incamata L., Swamp Milkweed: P29873; 5 
Asclepias syriaca L., Common Milkweed: S390, S492; 9 
Asclepias verticillata L., Horsetail Milkweed: S643; 6, 9 

ASTERACEAE - SUNFLOWER FAMILY 
*Achillea millefolium L., Common Yarrow: S372, S609; 9 
Ambrosia artemisiifolia L., Common Ragweed: S699; 9 
Ambrosia trifida L., Giant Ragweed: S559; 8, 9 
Antennaria plantaginifolia (L.) Richardson, Pussytoes: S654, P19814; 6, 1 
Aster cordifolius L., Heart-leaved Aster: S686, S641; 6 
Aster drummondii Lindl., Drummond's Aster: S707, S723; 9, 2 
Aster laevis L., Smooth Aster: S645; 6 
Aster lateriflorus (L.) Britt., Side-flowered Aster: S671, S678; 2, 3, 4, 7, 8 
Aster novae-angliae L., New England Aster: S722; 9 
Aster pilosus Willd., Hairy Aster: S613, S698; 9 
Aster shortii Lindl., Shorts Aster: S635, S677; 2, 3 
Aster simplex Willd., Panicled Aster: S666, S750, S751; 5, 3, 4, 7, 8 
Bidens cernua L., Sticktight: S748; 5, 7 
Bidens frondosa L., Common Beggar-ticks: S525, S663, S758; 7, 8 
Bidens tripartita L., Beggar-ticks: S664, S753; 5, 7 
Bidens vulgata Greene, Tall Beggar-ticks: S622, S704; 9 
Brickellia eupatorioides (L.) Shinners, False Boneset: P29867; 6 
Cacalia atriplicifolia L., Pale Indian Plantain: S651; 6 
Cirsium altissimum (L.) Spreng., Tall Thistle: P29621; 3, 9 
Cirsium discolor (Muhl.) Spreng., Field Thistle: S624, S719, P29855; 9 
Conyza canadensis (L.) Cronq., Horseweed: S570; 4, 9 
Coreopsis tripteris L., Tall Tickseed: S489; 9 
Eclipta prostrata (L.) L., Yerba de Tajo: S749; 5, 7 
Erechtites hieracifolia (L.) Raf., Fireweed: S762; 8, 9 
Erigeron annuus (L.) Pers., Daisy Fleabane: S374-A; 9 
Eupatorium altissimum L., Tall Boneset: S601; 2, 6, 9 
Eupatorium coelestinum L., Mistflower: S568; 4, 5, 7 
Eupatorium perfoliatum L., Common Boneset: S598; 3, 5, 7 
Eupatorium purpureum L., Purple Joe-Pye-weed: S419, S472, S518, S596; 2, 3, 4, 7, 9 
Eupatorium rugosum Houtt., White Snakeroot: S445, S545; 3, 2, 7, 8 
Eupatorium serotinum Michx., Late Boneset: S592; 3, 5 
Eupatorium sessilifolium L., Upland Boneset: P29842; 2 
Euthamia graminifolia (L.) Salisb., Grass-leaved Goldenrod: S597; 2, 9 
Gnaphalium obtusifolium L., Sweet Everlasting: S617; 9 
Helenium autumnale L., Autumn Sneezeweed: S745; 5 
Helianthus divaricatus L., Woodland Sunflower: S467, S628, S629; 6, 1, 9 
Helianthus strumosus L., Pale-leaved Sunflower: S577; 4 
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Heliopsis helianthoides (L.) Sweet, False Sunflower: S493, S728; 9 
Lactuca canadensis L., Wild Lettuce: S507, S619; 9 
Lactuca floridana (L.) Gaertn., Woodland Lettuce: S517; 9 
Liatris aspera Michx., Rough Blazing-star: S652; 6 
Liatris cylindracea Michx., Blazing-star: S589; 6, 1 
Prenanthes alba L., White Lettuce: S514, S644; 6, 9 
Prenanthes crepidinea Michx., Great White Lettuce: P29609; 3, 2 
Ratibida pinnata (Vent.) Bamh., Yellow Coneflower: S469; 6 
Rudbeckia laciniata L., Goldenglow: S575; 4, 5 
Rudbeckia triloba L., Brown-eyed Susan: S502; 9 
Senecio glabellus Poir., Butterweed: S353; 7 
Silphium integrifolium Michx., Rosinweed: S479; 6 
Silphium perfoliatum L., Cup-plant: P29847; 3 
Silphium terebinthinaceum Jacq., Prairie-dock: S515; 6, 9 
Solidago caesia L., Woodland Goldenrod: S672; 2, 1, 3, 7 
Solidago canadensis L., Tall Goldenrod: S627; 9 
Solidago flexicaulis L., Broadleaf Goldenrod: S674; 2 
Solidago gigantea Ait., Late Goldenrod: S566; 4, 7 
Solidago missouriensis Nutt., Missouri Goldenrod: S483, S595, S625; 2, 1, 9 
Solidago nemoralis Ait., Field Goldenrod: S690; 6, 1, 9 
Solidago patula Muhl., Spreading Goldenrod: S669; 7 
Solidago rigida L., Rigid Goldenrod: S714; 6, 9 
Solidago speciosa Nutt., Showy Goldenrod: S715; 9 
Solidago ulmifolia Muhl., Elm-leaved Goldenrod: S520, S543, S642, S679, S681; 2, 1, 3, 6, 9 
*Taraxacum officinale Weber, Common Dandelion: P19844; 9 
*Tragopogon dubius Scop., Sand Goat’s-beard: S408; 9 
Verbesina altemifolia (L.) Britt., Yellow Ironweed: S576, S621, S694; 4, 3, 5, 9 
Vernonia gigantea (Walt.) Trel., Tall Ironweed: S588; 9 
Xanthium strumarium L. var. canadensis (Mill.) Torr. & Gray: S734; 4, 5 

BALSAMINACEAE - BALSAM FAMILY 
Impatiens capensis Meerb., Spotted Touch-me-not: S462, S535; 7 
Impatiens pallida Nutt., Pale Touch-me-not: S418, S569; 4 

BERBERIDACEAE - BARBERRY FAMILY 
Caulophyllum thalictroides (L.) Michx., Blue Cohosh: S241; 2, 3 
Podophyllum peltatum L., Mayapple: PI9834; 2, 3 

BIGNONIACEAE - BIGNONIA FAMILY 
Campsis radicans (L.) Seem., Trumpet Creeper: S760; 8, 3,4, 7, 9 

BORAGINACEAE - BORAGE FAMILY 
Hackelia virginiana (L.) I.M. Johnston, Stickseed: S432; 2, 3, 8 
Lithospermum latifolium Michx., American Gromwell: S246, S317; 2, 3 
Mertensia virginica (L.) Pers., Bluebells: P19833; 4, 3 
Myosotis verna Nutt., Scorpion Grass: S257; 9 

BRASSICACEAE - MUSTARD FAMILY 
*Arabidopsis thaliana (L.) Heynh., Mouse-ear-Cress: PI9842; 9 
Arabis laevigata (Muhl.) Poir., Smooth Rock Cress: S234; 1, 6 
*Barbarea vulgaris R. Br. var. arcuata (Opiz) Fries, Yellow Rocket: PI9852; 9 
*Camelina microcarpa Andrz., False Flax: S272; 9 
*Capsella bursa-pastoris (L.) Medik., Shepherd's-Purse: P19845; 9 
Cardamine bulbosa (Schreb.) BSP., Spring Cress: P19865; 7 
Cardamine douglassii (Torr.) Britt., Purple Cress: P19860; 3 
Cardamine parviflora L. var. arenicola (Britt.) O.E. Schulz, Small-flowered Bitter Cress: P19849; 

9 
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Cardamine pensylvanica Muhl., Bitter Cress: S248; 7 
Dentaria laciniata Muhl., Toothwort: P19823; 2, 3 
Descurainia pinnata (Walt.) Britt, ssp. brachycarpa (Richardson) Detling: P19851; 9 
*Draba verna L., Whitlow Grass: P19848; 9 
Iodanthus pinnatifidus (Michx.) Steud., Purple Rocket: S328; 4, 3 
*Lepidium campestre (L.) R. Br., Field Peppergrass: S274; 9 
Lepidium virginicum L., Common Peppergrass: S382; 9 
*Rorippa sylvestris (L.) Besser, Creeping Yellow Cress: P29871; 4, 5 

CAESALPINACEAE - CAESALPINIA FAMILY 
Cassia fasciculata Michx., Partridge Pea: S485; 6, 9 
Cassia marilandica L., Maryland Senna: S501, S696; 9 
Cercis canadensis L., Redbud: P19840; 6, 1, 2, 3, 9 
Gleditsia triacanthos L., Honey Locust: P29620; 3 
Gymnocladus dioicus (L.) K. Koch, Kentucky Coffee-tree: S547, P29856; 3 

CAMPANULACEAE - BELLFLOWER FAMILY 
Campanula americana L., American Bellflower: S487; 9, 2, 3 
Lobelia inflata L., Indian Tobacco: S486; 9, 1 
Lobelia siphilitica L., Blue Cardinal-flower: S533; 7 
Triodanis perfoliata (L.) Nieuwl., Venus’ Looking-glass: S378; 9, 1 

CAPRIFOLIACEAE - HONEYSUCKLE FAMILY 
*Lonicera morrowi Gray, Honeysuckle: S359; 9 
Lonicera prolifera (Kirchn.) Rehder, Grape Honeysuckle: P29619; 6 
Sambucus canadensis L., Elderberry: S656; 4 
Symphoricarpos orbiculatus Moench, Coralberry: S495, S563; 4, 1, 3, 9 
Triosteum perfoliatum L., Late Horse Gentian: S478; 6, 1, 2 
Viburnum prunifolium L., Black Haw: P29608; 1, 2, 6 

CARYOPHYLLACEAE - PINK FAMILY 
*Arenaria serpyllifolia L., Thyme-leaved Sandwort: S270; 9 
Cerastium nutans Raf., Nodding Mouse-eared Chickweed: P19850; 9 
*Cerastium vulgatum L., Common Mouse-eared Chickweed: S283; 9 
*Dianthus armeria L., Deptford Pink: S364, S500; 9 
Paronychia canadensis (L.) Wood, Forked Chickweed: S321; 2, 1 
Silene antirrhina L., Sleepy Catchfly: S278, S401; 9 
Silene nivea (Nutt.) Otth, Snowy Campion: S427; 3 
Silene stellata (L.) Ait. f., Starry Campion: S443; 3, 2 
Stellaria longifolia Muhl., Chickweed: S247; 7 

CELASTRACEAE - BITTERSWEET FAMILY 
Celastrus scandens L., Bittersweet: P29868; 6, 1 
Euonymus atropurpureus Jacq., Wahoo: S327; 3 
Euonymus obovata Nutt., Running Strawberry Bush: P29622; 3, 2 

CHENOPODIACEAE - GOOSEFOOT FAMILY 
Chenopodium album L., Lamb’s Quarters: S430; 2, 9 
Chenopodium standleyanum Aellen, Goosefoot: S657, S667; 4, 5 

CONVOLVULACEAE - MORNING-GLORY FAMILY 
*Ipomoea hederacea (L.) Jacq., Ivy-leaved Morning-glory: S726; 9 
*Ipomoea purpurea (L.) Roth, Common Morning-glory: S724; 9 

CORNACEAE - DOGWOOD FAMILY 
Cornus alternifolia L. f., Alternate-leaved Dogwood: S544; 7 
Cornus racemosa Lam., Gray Dogwood: S646, S673; 2, 6 
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CORYLACEAE - HAZELNUT FAMILY 
Carpinus caroliniana Walt., Blue Beech: S688; 2 
Corylus americana Walt., Hazelnut: S706, PI9867; 9, 1, 3, 7 
Ostrya virginiana (Mill.) K. Koch, Hop Hornbeam: S396; 2, 1, 6, 9 

CUCURBITACEAE - GOURD FAMILY 
Sicyos angulatus L., Bur Cucumber: S422, S573; 4, 3 

CUSCUTACEAE - DODDER FAMILY 
Cuscuta gronovii Willd., Dodder: S670; 7 

ELAEAGNACEAE - ELAEAGNUS FAMILY 
*Elaeagnus umbellata Thunb., Autumn Olive: S474; 6, 1, 9 

EUPHORBIACEAE - SPURGE FAMILY 
Acalypha deamii (Weatherby) Ahles, Large-seeded Mercury: E27122, P29846; 3, 4 
Acalypha rhomboidea Raf., Three-seeded Mercury: S549, S668; 2, 3, 7, 9 
Acalypha virginica L., Three-seeded Mercury: S675, S692, S705; 9 
Euphorbia corollata L., Flowering Spurge: S399; 6, 1, 9 

FABACEAE - PEA FAMILY 
Amorpha fruticosa L., False Indigo: S523; 3, 5 
Baptisia lactea (Raf.) Thieret, White Wild Indigo: S417, S708; 9 
Desmodium cuspidatum (Muhl.) Loud., Tick Trefoil: S702, S713; 9 
Desmodium glabellum (Michx.) DC., Tick Trefoil: S620, P29851; 9 
Desmodium glutinosum (Muhl.) Wood, Pointed Tick Trefoil: S540; 2, 3 
Lespedeza capitata Michx., Round-headed Bush Clover: P29849; 9 
Lespedeza intermedia (S. Wats.) Britt., Bush Clover: S640; 6, 1 
*Medicago lupulina L., Black Medic: S409; 9 
*Melilotis alba Medik., White Sweet Clover: S355; 6, 9 
*Melilotis officinalis (L.) Pallas, Yellow Sweet Clover: S385, S490; 9 
*Robinia pseudoacacia L., Black Locust: S605, S725; 9 
Strophostyles helvola (L.) Ell., Wild Bean: P29850; 9 
*Trifolium hybridum L., Alsike Clover: S392; 9 
*Trifolium repens L., White Clover: S738; 5 

FAGACEAE - BEECH FAMILY 
Quercus alba L., White Oak: S682; 1, 2, 3, 6 
Quercus bicolor Willd., Swamp White Oak: S551; 7, 8 
Quercus imbricaria Michx., Shingle Oak: S384; 9, 1 
Quercus macrocarpa Michx, Bur Oak: P29624; 3 
Quercus prinoides Willd., Yellow Chestnut Oak: S648; 6, 1, 2 
Quercus rubra L., Red Oak: S685; 2, 3 
Quercus velutina Lam., Black Oak: P29610; 1, 2, 3, 9 

GENTIAN ACE AE - GENTIAN FAMILY 
Gentianella quinquefolia (L.) Small ssp. occidentalis (Gray) J. Gillet., Stiff Gentian: S735; 5 

GERANIACEAE - GERANIUM FAMILY 
Geranium maculatum L., Wild Geranium: PI9861; 3, 2 

GROSSULARIACEAE - GOOSEBERRY FAMILY 
Ribes missouriense Nutt., Missouri Gooseberry: P19838; 3, 1, 2, 7 

HIPPOCASTANACEAE - HORSE CHESTNUT FAMILY 
Aesculus glabra Willd., Ohio Buckeye: P19839; 3, 2, 7 
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HYDRANGEACEAE - HYDRANGEA FAMILY 
Hydrangea arborescens L., Wild Hydrangea: S512; 6, 3, 7 

HYDROPHYLLACEAE - WATERLEAF FAMILY 
Ellisia nyctelea L., Waterpod: S220; 2, 3 
Hydrophyllum appendiculatum Michx., Great Waterleaf: S223; 2, 3 
Hydrophyllum virginianum L., Virginia Waterleaf: S222; 2, 3, 7 

HYPERICACEAE - ST. JOHN’S-WORT FAMILY 
Hypericum canadense L., Canadian St. Johs's-wort: S710; 9 
Hypericum majus (Gray) Britt., St. John's-wort: P29863; 9 
Hypericum punctatum Lam., Spotted St. John’s-wort: S505, S618; 9 

JUGLANDACEAE - WALNUT FAMILY 
Carya cordiformis (Wang.) K. Koch, Bittemut Hickory: S386, S606, S687; 2, 3, 9 
Cary a ovalis (Wang.) Sarg., Sweet Pignut Hickory: P29618; 3 
Carya ovata (Mill.) K. Koch, Shagbark Hickory: S697; 2, 1, 3, 9 
Carya tomentosa (Poir.) Nutt., Mockemut Hickory: S638; 6, 1, 3 
Juglans cinerea L., Butternut: S441; 3 
Juglans nigra L., Black Walnut: S395; 3, 9 

LAMIACEAE - MINT FAMILY 
Agastache nepetoides (L.) Kuntze, Yellow Giant Hyssop: S607; 9, 2, 3 
Agastache scrophulariaefolia (Willd.) Kuntze., Purple Giant Hyssop: S584; 2, 3 
Blephilia ciliata (L.) Benth., Pagoda Plant: S337; 2, 6 
Blephilia hirsuta (Pursh) Benth., Pagoda Plant: P29857; 3 
Lycopus americanus Muhl., Common Water Horehound: S742, S743; 5, 7, 8 
Lycopus rubellus Moench, Stalked Water Horehound: S537; 7, 8 
*Mentha arvensis L., Field Mint: S455, S536; 2, 7 
Monarda clinopodia L., Bee Balm: S442; 3 
Monarda fistulosa L., Wild Bergamont: S488; 9 
Prunella vulgaris L. var. elongata Benth., Self-heal: S496-B, S508; 9 
Pycnanthemum tenuifolium Schrad., Slender Mountain Mint: S370, S484; 9 
Scutellaria incana Biehler, Downy Scullcap: S431; 2 
Scutellaria lateriflora L., Mad-dog Scullcap: S453, S524; 2, 7 
Stachys tenuifolia Willd., Smooth Hedge Nettle: S437, S586, S614; 2, 8 
Teucrium canadense L. var. virginicum (L.) Eat., American Germander: S497; 9 

LAURACEAE- LAUREL FAMILY 
Lindera benzoin (L.) Blume, Spicebush: S529; 2, 3, 7, 8 
Sassafras albidum (Nutt.) Nees, Sassafras: S447; 3, 1, 2, 9 

MENISPERMACEAE - MOONSEED FAMILY 
Menispermum canadense L., Moonseed: S579; 4, 1,2, 3, 7, 8 

MOLLUGINACEAE - CARPETWEED FAMILY 
*Mollugo verticillatus L., Carpetweed: P29864; 9 

MORACEAE - MULBERRY FAMILY 
Humulus lupulus L., Common Hops: S449, S572; 3, 2, 4, 9 
*Maclura pomifera (Raf.) C.K. Schneider, Osage Orange: S658; 4, 3, 9 
*Morus alba L., White Mulberry: S583, S729; 4, 3, 9 

OLEACEAE - ASH FAMILY 
Fraxinus americana L., White Ash: S398, P19858; 3, 1, 2, 6, 9 
Fraxinus nigra Marsh., Black Ash: S251; 7 
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Fraxinus pennsylvanica Marsh, var. subintegerrima (Vahl) Fern., Green Ash: S616, 
S582; 2, 3, 4,' 7, 8, 9 

Fraxinus quadrangulata Michx., Blue Ash: P29613; 7 

ONAGRACEAE - EVENING PRIMROSE FAMILY 
Circaea lutetiana L. ssp. canadensis (L.) Aschers & Magnus, Enchanter's Nightshade: 

S314; 2, 3,8 
Epilobium coloratum Biehler, Cinnamon Willow Herb: S534; 7, 9 
Oenothera biennis L., Evening Primrose: S593, S727; 2, 9 

OXALIDACEAE - OXALIS FAMILY 
Oxalis dillenii Jacq., Yellow Wood Sorrel: S263; 9, 3 
Oxalis stricta L., Yellow Wood Sorrel: S499, S513, S626; 9, 3 
Oxalis violacea L., Purple Oxalis: site record only; 2 

PAPAVERACEAE - POPPY FAMILY 
Dicentra cucullaria (L.) Bemh., Dutchman's-breeches: P19817; 2, 3 
Sanguinaria canadensis L., Bloodroot: PI9830; 2, 3 

PHRYMACEAE - LOPSEED FAMILY 
Phryma leptostachya L., Lopseed: S429; 2, 3 

PHYTOLACCACEAE - POKEWEED FAMILY 
Phytolacca americana L., Pokeweed: S444, S585; 2, 3, 7 

PLANTAGINACEAE - PLANTAIN FAMILY 
Plantago rugelii Decne., Rugel's Plantain: S326, S363, S496-A; 4, 9 
Plantago virginica L., Dwarf Plantain: P19843; 9 

PLATANACEAE - PLANE-TREE FAMILY 
Platanus occidentalis L., Sycamore: S604; 7, 3, 4, 9 

POLEMONIACEAE - PHLOX FAMILY 
Phlox divaricata L. ssp. laphamii (Wood) Wherry, Common Phlox: P19835; 2, 3 
Phlox pilosa L., Downy Phlox: S266; 9 
Polemonium reptans L., Jacob’s-ladder: P19859; 3 

POLYGALACEAE - MILKWORT FAMILY 
Poly gala senega L., Seneca Snakeroot: S339, S470; 2, 1, 6 
Polygala verticillata L. var. isocycla Fern., Whorled Milkwort: P29866; 6 

POLYGONACEAE - BUCKWHEAT FAMILY 
Polygonum hydropiperoides Michx., Mild Water Pepper: S438, S555; 8, 5, 7 
Polygonum pensylvanicum L., Common Smartweed: S554, S556, S739; 5, 8 
*Polygonum persicaria L., Lady’s Thumb: S424, P29870; 4 
Polygonum punctatum Ell., Smartweed: S527, S574, P29869; 4, 5, 7 
Polygonum scandens L., False Buckwheat: S426, S571, S633; 4, 3, 9 
Polygonum virginianum L., Virginia Knotweed: S548, S680; 2, 3, 7, 8 
*Rumex acetosella L., Sour Dock: S275; 9 
*Rumex crispus L., Curly Dock: S366; 9 
Rumex verticillatus L., Swamp Dock: S350; 7 

PORTULACEAE - PURSLANE FAMILY 
Claytonia virginica L., Spring Beauty: PI9822; 2, 1, 3, 6, 9 

PRIMULACEAE - PRIMROSE FAMILY 
Lysimachia ciliata L., Fringed Loosestrife: P29859; 4, 3, 5, 7 
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Lysimachia lanceolata Walt., Lance-leaved Loosestrife: S383; 9, 3 
*Lysimachia nummularia L., Moneywort: S746; 5, 4, 7 
Samolus valerandii L., Brookweed: S461, S528; 7, 5 

RANUNCULACEAE - BUTTERCUP FAMILY 
Actaea pachypoda Ell., Doll’s-eyes: S301; 2, 3 
Anemone virginiana L., Tall Anemone: S471; 6, 1 
Caltha palustris L., Marsh Marigold: PI9866; 7 
Clematis pitcheri Torr. & Gray, Leatherflower: P29848; 3 
Clematis virginiana L., Virgin’s Bower: S560; 3, 9 
Ranunculus abortivus L., Small-flowered Crowfoot: S338, S347, P19818; 2, 3, 4, 7 
Ranunculus flabellaris Raf., Yellow Water-crowfoot: S249; 7 
Ranunculus septentrionalis Poir., Swamp Buttercup: P19863; 3, 4, 7 
Thalictrum dasycarpum Fisch. & Lall, Purple Meadow Rue: S349; 7, 3 
Thalictrum dioicum L., Early Meadow Rue: P19826; 2, 3 
Thalictrum thalictroides (L.) Eaves & Boivin, Rue Anemone: PI9825; 2, 3 

ROSACEAE - ROSE FAMILY 
Agrimonia parviflora Ait., Swamp Agrimony: P29853; 9, 3 
Agrimonia pubescens Wallr., Soft Agrimony: S542, S691; 2, 9 
Agrimonia rostellata Wallr., Woodland Agrimony: S428; 2 
Amelanchier arborea (Michx. f.) Fern., Low Shadbush: P19857; 3 
Crataegus crus-galli L., Cock-spur Thom: S288; 9 
Crataegus mollis (Torr. & Gray) Scheele, Red Haw: S289; 9 
Crataegus pruinosa (Wendl.) K. Koch, Hawthorn: S290; 9 
Fragaria virginiana Duchesne, Wild Strawberry: PI9854; 9, 1, 6 
Geum canadense Jacq., White Avens: S636; 3, 1,2, 7, 8, 9 
Geum vernum (Raf.) Torr. & Gray, Spring Avens: P19853; 9, 2, 3 
Malus coronaria (L.) Mill., Wild Sweet Crab Apple: S287; 9 
Potentilla simplex Michx., Common Cinquefoil: S277, S410; 9, 1,6 
Prunus angustifolia Marsh., Chickasaw Plum: P19841; 9 
Prunus serotina Ehrh., Wild Black Cherry: S580, S676; 2, 1, 3, 6, 9 
Rosa Carolina L., Pasture Rose: S330; 6, 1 
*Rosa multiflora Thunb., Multiflora Rose: S720; 9, 1, 2, 3, 7 
Rubus allegheniensis Porter, Common Blackberry: S285; 9, 1, 3 
Rubus flagellaris Willd., Dewberry: S286; 9, 1 
Rubus occidentalis L., Black Raspberry: S264; 9, 1, 2, 3, 7 

RUBIACEAE - MADDER FAMILY 
Cephalanthus occidentalis L., Buttonbush: S456, S526; 7, 8 
Galium aparine L., Goosegrass: S214; 2, 3 
Galium circaezans Michx., Wild Licorice: S320, S539; 2, 3, 6 
Galium concinnum Torr. & Gray, Shining Bedstraw: S303, S331, S463, S473; 2, 3, 6, 7, 8, 9 
Galium triflorum Michx., Sweet-scented Bedstraw: P29854; 9, 2, 3 

RUTACEAE - RUE FAMILY 
Ptelea trifoliata L., Wafer Ash: S411, S503; 9 
Zanthoxylum americanum Mill., Prickly Ash: S448; 3, 2, 7 

SALICACEAE - WILLOW FAMILY 
Populus deltoides Marsh., Cottonwood: S703; 4, 3, 7, 9 
Salix exigua Nutt., Sandbar Willow: S732; 4, 5 
Salix nigra Marsh., Black Willow: S733; 5 
Salix rigida Muhl., Heart-leaved Willow: P29874; 5 

SAURURACEAE - LIZARD’S TAIL FAMILY 
Saururus cernuus L., Lizard’s-tail: S532; 7, 4 
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SAXIFRAGACEAE - SAXIFRAGE FAMILY 
Heuchera americana L., Tall Alumroot: S516; 9, 1 
Penthorum sedoides L., Ditch Stonecrop: S459, S744; 5, 7 

SCROPHULARIACEAE - FIGWORT FAMILY 
Agalinis gattingeri (Small) Small, Rough-stemmed False Foxglove: S509; 9 
Agalinis tenuifolia (Vahl) Raf., Slender False Foxglove: S608; 9 
Chelone glabra L., White Turtlehead: S665; 7 
Dasistoma macrophylla (Nutt.) Raf., Mullein Foxglove: S466; 6, 1, 2 
Gratiola neglecta Torn, Clammy Hedge Hyssop: P29862; 9, 5 
Leucospora multifida (Michx.) Nutt.: S752; 5, 9 
Lindemia dubia (L.) Pennell, False Pimpernel: P29861; 9, 5 
Mimulus alatus Ait., Winged Monkey-flower: P29860; 7 
Mimulus ringens L., Monkey-flower: S460, S564; 4, 7 
Penstemon digitalis Nutt., Foxglove Beardstongue: S309, S521; 2, 9 
Scrophularia marilandica L., Late Figwort: S423; 3 
*Verbascum thapsus L., Wooly Mullein: P29852; 9 
*Veronica arvensis L., Com Speedwell: S282; 9 

SOLANACEAE - NIGHTSHADE FAMILY 
*Datura stramonium L., Jimsonweed: S553; 8, 9 
Physalis heterophylla Nees, Ground Cherry: S491, S632; 9 
Physalis subglabrata Mack. & Bush, Smooth Ground Cherry: S631; 9 
Solanum carolinense L., Horse-nettle: S402, S481; 9 
Solanum ptycanthum Dunal, Black Nightshade: S737; 5, 3, 4 

STAPHYLEACEAE - BLADDERNUT FAMILY 
Staphylea trifolia L., Bladdemut: S421, PI9820; 3, 7 

TILIACEAE - BASSWOOD FAMILY 
Tilia americana L., Basswood: S416; 2, 3 

ULMACEAE - ELM FAMILY 
Celtis occidentalis L., Hackberry: S581; 4, 1,2, 3, 7, 8, 9 
Ulmus americana L., American Elm: S761; 4, 1,2, 3, 7, 8, 9 
*Ulmus pumila L., Siberian Elm: S594; 2, 9 
Ulmus rubra Muhl., Slippery Elm: S316, S689; 2, 1, 3, 9 

URTICACEAE - NETTLE FAMILY 
Boehmeria cylindrica (L.) Sw., False Nettle: S439; 8, 3, 4, 7 
Laportea canadensis (L.) Wedd., Wood Nettle: S451; 3, 4, 7, 8 
Parietaria pensylvanica Muhl., Pellitory: S215; 2, 1 
Pilea pumila (L.) Gray, Clearweed: S550; 8, 3, 4, 7 
Urtica dioica L., Stinging Nettle: P29615; 4, 3 

VERBENACEAE - VERBENA FAMILY 
Phyla lanceolata (Michx.) Greene, Fog-fruit: S740; 5 
Verbena hastata L., Blue Vervain: S587; 9, 5 
Verbena urticifolia L., White Vervain: S482; 9, 5 

VIOLACEAE - VIOLET FAMILY 
Viola pratincola Greene, Common Blue Violet: P19819; 4, 3, 6, 7 
Viola pubescens Ait. var. eriocarpa (Schwein.) Russell, Smooth Yellow Violet: PI9832; 2, 3 
Viola rafinesquii Greene, Johnny-jump-up: PI9847; 9, 1 
Viola sororia Willd., Woolly Blue Violet: P19827, P19856, P19862; 2, 3, 9 
Viola striata Ait., Cream Violet: PI9816; 3 



VITACEAE-GRAPE FAMILY 
Parthenocissus quinquefolia (L.) Planch., Virginia Creeper: S756; 8, 1,2, 3, 4, 6, 7 
Vitis aestivalis Michx., Summer Grape: S388, S464, S552; 1,3, 6, 8, 9 
Vitis riparia Michx., Riverbank Grape: S389, S578, S650; 4, 6, 9 
Vitis vulpina L., Frost Grape: S454, S683; 2, 7 
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Table 1. Densities (stems/ha), diameter classes, basal areas (m2/ha), relative values, 

importance values, and average diameters of the woody species in the forest 

communities at Horseshoe Bottom Nature Preserve, Vermilion County, Illinois. 

Species 

Diameter Class 
(cm) 

10-29 30-49 50+ 
Total 

stems/ha 

Basal 
Area 
m2/ha 

Rel. 
Den. 

Rel 
Dom. I.V. 

Av. 
Diam 
(cm) 

Wet Floodplain Forest 
Silver Maple 48 52 38 138 20.75 47.9 64.1 112.0 39.5 
Box Elder 56 6 — 62 1.75 21.5 5.4 26.9 17.5 
Sycamore 2 4 12 18 5.08 6.3 15.7 22.0 57.1 
American Elm 24 4 — 28 0.83 9.7 2.6 12.3 17.1 
Hackberry 14 4 — 18 0.65 6.3 2.0 8.3 19.8 
Cottonwood — — 6 6 2.40 2.1 7.4 9.5 70.6 
Green Ash 10 4 — 14 0.74 4.9 2.3 7.2 23.9 
Others 4 — — 4 0.18 1.3 0.5 1.8 — 

Totals 158 74 56 288 32.38 100.0 100.0 200.0 

Swamp Forest 
Silver Maple 114 34 18 166 13.40 33.9 34.6 68.5 27.8 
Green Ash 64 32 16 112 9.93 22.9 25.7 48.6 30.4 
Black Ash 80 34 2 116 6.99 23.7 18.1 41.8 25.5 
Swamp White Oak 10 6 6 22 2.60 4.5 6.7 11.2 33.4 
Sycamore — 4 6 10 2.43 2.0 6.3 8.3 53.9 
American Elm 24 — — 24 0.33 4.9 0.9 5.8 13.1 
Cottonwood — 4 2 6 0.93 1.2 2.4 3.6 43.2 
Others 28 2 4 34 2.06 6.9 5.3 12.2 — 

Totals 320 116 54 490 38.67 100.0 100.0 200.0 

Mesic Floodplain 
White Oak 

Forest 
10 16 24 50 10.33 17.4 39.0 56.4 47.2 

Black Oak 6 14 12 32 6.75 11.1 25.5 36.6 47.5 
Slippery Elm 80 — — 80 1.31 27.7 5.0 32.7 14.1 
Bittemut Hickory 34 12 — 46 2.04 16.0 7.7 23.7 22.3 
Shagbark Hickory 36 2 — 38 1.25 13.2 4.7 17.9 19.5 
Black Walnut 4 10 4 18 2.43 6.3 9.2 15.5 40.1 
Others 16 4 4 24 2.37 8.3 8.9 17.2 — 

Totals 186 58 44 288 26.48 100.0 100.0 200.0 

Mesic Upland Forest (west-facing hillside) 
Red Oak 4 46 40 90 16.76 23.6 47.5 71.1 47.8 
Sugar Maple 138 22 — 160 5.29 41.9 15.0 56.9 17.6 
White Oak 14 40 4 58 7.63 15.2 21.6 36.8 38.3 
Basswood 8 4 2 14 1.43 3.7 4.0 7.7 32.6 
Green Ash 6 8 — 14 1.22 3.7 3.5 7.2 30.6 
Shagbark Hickory 10 4 — 14 0.76 3.7 2.1 5.8 24.3 
Others 18 12 2 32 2.20 8.2 6.3 14.5 — 

Totals 198 136 48 382 35.29 100.0 100.0 200.0 
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Table 2. Relative cover, relative frequency, and importance value (IV) of ground layer 

species (species <1.5 m tall) of glacial drift hill prairie at the Horseshoe Bottom 

Nature Preserve, Vermilion County, Illinois. Only species with IV’s >1.0 are 

shown. 

Species Relative Cover Relative Frequency Importance Value 

Schizachyrium scoparium 7.0 21.7 28.7 
Helianthus divaricatus 5.4 9.8 15.2 
Carex pensylvanica 4.6 8.8 13.4 
Viburnum prunifolium 5.4 6.8 12.2 
Bouteloua curtipendula 4.1 5.8 9.9 
Solidago ulmifolia 4.6 5.0 9.6 
Cassia fasciculata 6.6 2.9 9.5 
Thaspium barbinode 4.6 4.5 9.1 
Fraxinus americana 3.3 3.5 6.8 
Silphium terebinthinaceum 2.9 3.7 6.6 
Ostrya virginiana 2.9 3.1 6.0 
Rosa Carolina 3.3 2.7 6.0 
Melilotus alba 3.7 1.3 5.0 
Solidago rigida 2.9 2.1 5.0 
Danthonia spicata 2.9 1.8 4.7 
Galium concinnum 3.7 0.8 4.5 
Carex blanda 2.5 1.7 4.2 
Euphorbia corollata 3.7 0.5 4.2 
Poa compressa 3.3 0.7 4.0 
Aster laevis 2.1 1.7 3.8 
Toxicodendron radicans 2.1 1.7 3.8 
Anemone virginiana 2.5 1.2 3.7 
Solidago nemoralis 1.7 1.3 3.0 
Cacalia atriplicifolia 1.7 1.1 2.8 
Liatris cylindracea 1.7 1.1 2.8 
Cercis canadensis 1.7 1.1 2.8 
Poly gala senega 1.2 1.0 2.2 
Viola pratincola 1.7 0.2 1.9 
Juniperus virginiana 1.7 0.2 1.9 
Blephilia ciliata 1.2 0.2 1.4 
Others (9 species) 3.3 2.0 5.3 

Totals 100.0 100.0 200.0 
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Figure 1. Natural communities of Horseshoe Bottom Nature Preserve (and buffer), Ver¬ 

milion County, Illinois. (1) dry upland forest, (2) mesic upland forest, (3) 

mesic floodplain forest, (4) wet floodplain forest, (5) perennial stream, (6) gla¬ 

cial drift hill prairie, (7) seep and swamp forest, (8) Swamp White Oak flat- 

woods, and (9) successional field. 
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ABSTRACT 

The kinetics of oxidation of the aliphatic primary amines, ^-propylamine, rc-butylamine, 

and n-hexylamine, by sodium N-bromo-p-toluenesulfonamide or bromamine-T (BAT) in 

sodium hydroxide medium has been studied at 308 K. The reaction rate shows a first- 

order dependence on [BAT] and fractional-order each on [amine] and [OH ]. Additions 

of halide ions and the reduction product of BAT (p-toluenesulfonamide) have no effect 

on the reaction rate. Also, the variation of ionic strength and dielectric constant of the 

medium does not have any significant effect on the reaction. Activation parameters have 

been evaluated. A Taft linear free-energy relationship is observed for the reaction with 

p* = -0.44 and 8 = -1.76 indicating that electron-donating groups enhance the rate. An 

isokinetic relationship is observed with 8 = 355 K indicating that enthalpy factors control 

the rate. Mechanisms consistent with the observed kinetic data have been proposed. The 

average value of deprotonation constant of monobromamine-T forming TsNBr has been 

evaluated as 3.3 + 0.1 x 103M at 308K. 

INTRODUCTION 

A literature search shows that the kinetic studies of reactions of some aromatic amines 

and their derivatives with chloramine-T (CAT) have been reported by Ramaiah1 and 



26 

Rao2. In these studies, the aromatic amine oxidation is independent of the variation in 

[OH ]. Gupta and Agrawal3 have shown that the kinetics of S-butylamine reaction with 

CAT involves a retarding effect of alkali. To our knowledge, there is no study reported 

on the oxidation of aliphatic amines by bromamines. We report here our investigations 

of the kinetic and mechanistic aspects of the oxidation of three aliphatic primary amines, 

n-propylamine (nPA), n-butylamine (nBA), and n-hexylamine (nHA), by bromamine-T 

(p-CH3C6H4S02NbrNa.3H20 or BAT or TsNBrNa) in NaOH medium. 

MATERIALS AND METHODS 

Bromamine-T (BAT) was prepared by a standard procedure4,5 and its purity was checked 

by iodometry and by its mass spectrum, UV, IR, !H and 13C NMR spectra. An aqueous 

solution of BAT was prepared, standardized, and preserved in brown bottles to prevent 

photochemical effects. 

Analar grade n-propylamine (E.Merck), n-butylamine (E.Merck) and n-hexylamine 

(Fluka) were used and their solutions were prepared in water-MeOH mixtures. All 

other chemicals used were of accepted grades of purity. Triply distilled water was used 

for preparing aqueous solutions. The ionic strength of the reaction mixture was kept at a 

high value using concentrated solution of NaC104. 

Kinetic Measurements 
Mixtures containing requisite amounts of solutions of the amine, NaC104, NaOH, and 

MeOH (10% v/v) were equilibrated at 308 K. To this mixture was added a measured 

amount of pre-equilibrated (308 K) standard solution of BAT. The progress of the reac¬ 

tion was monitored iodometrically for two half-lives by withdrawing aliquots of the reac¬ 

tion mixture at regular time intervals. The pseudo-first-order rate constants calculated 

were reproducible within ± 3%. 

A regression analysis of the experimental data was carried out on an EC-72 Statistical 

Calculator, to get the regression coefficient r. 

Stoichiometry and Product Analysis 
Reaction mixtures containing different compositions of the amine and BAT and 5.00 x 

10 3 M NaOH were equilibrated with occasional shaking at 308 K for 24 hr. The 

iodometric determination of unreacted BAT in the reaction mixture showed that one mole 

of BAT was consumed per mole of the amine substrate as represented by equation (1). 

RCH2NH2 + TsNBrNa + H2O -> R - CHO + TsNH2 + NHs + Na+ + Br~ (1) 

where R = CH3CH2- for n -propylamine (nPA), CH3CH2CH2- for n-butylamine (nBA), 

and CH3(CH2)4- for n-hexylamine (nHA). 

The reaction product, p-toluenesulfonamide (TsNH2), was detected by paper chromatog¬ 

raphy4. Benzyl alcohol, saturated with water, was used as the solvent with 0.5% vanillin 

in 1 % HC1 in EtOH as spray reagent (Rf = 0.905). The presence of the aldehydes, which 

are the oxidation products of the amines, in the reaction mixtures was detected by 

preparing their 2,4-dinitrophenylhydrazone derivatives and by using Tollens’ and chro- 
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mic acid tests6. The product ammonia was quantitatively determined by the standard 
micro-Kjeidahl procedure. 

RESULTS 

Under the condition of [amine]0 » [BAT]0 plots of log [oxidant] vs. time were linear (r 

> 0.9983) showing a first order dependence of the reaction rate on [oxidant]. The pseudo- 

first order rate constants, k', are given in Table 1. Under the same experimental condi¬ 

tions, an increase in [amine]0 increased the k' values. Plots of log k’ vs. log [amine]0 

were linear (Fig. 1; r > 0.9978) with slopes less than unity, showing fractional-order 

dependencies on [amine] (Table 1). At constant [BAT]0, [amine]0, and temperature, the 

rate increased with increase in [NaOH] yielding linear plots of log k' vs. log [NaOH] 

(Fig. 2; r > 0.9987). These plots with slopes less than unity show positive fractional- 

orders in NaOH (Table 2). Addition of Cl' or Br'ions in the form of NaCl or NaBr at 

fixed [OH ] and the variation of ionic strength did not affect the rate. Furthermore, the 

addition of the reduction product, TsNH2 (2.0 x 10'4- 8.0 x 104 M), and ionic strength of 

the medium (0.090 - 0.40 M) had no effect on the reaction rate. The variation of the sol¬ 

vent composition using MeOH (0-15% v/v) did not affect the rate. 

The reaction was studied by varying the amine concentration at different temperatures, in 

the range of 298 K to 313 K. From the plots of 1/ k' versus l/[amine]0 and 1/k' vs. 

l/[OH'], the decomposition constant (k3) of the amine-BAT complex was determined 

(Table 3). The activation parameters, namely energy of activation (Ea), enthalpy of 

activation (AH*), entropy of activation (AS*), and free energy of activation (AG*) were 

obtained from the Arrhenius and Eyring plots, (r > 0.9921). The activation parameters 

obtained are presented in Table 4. 

Additions of the reaction mixtures to aqueous acrylamide monomer solutions, in the dark, 

did not initiate polymerization indicating the absence of in situ formation of free radical 

species in the reaction sequence. 

DISCUSSION 

Pryde and Sope8, Morris et al.9, and Bishop and Jennings10 have shown the existence of 

similar equilibria in acid and alkaline solutions of N-metallo-N-haloarylsulfonamides. 

Bromamine-T (TsNBrNa) which is similar to its chloramine analogues, such as chlora- 

mine-T, behaves as a strong electrolyte in aqueous solutions forming different species as 

in equations (2)-(6). 

TsNBrNa <=> TsNBr' + Na+ 

TsNBr" + H+ <=> TsNHBr 

TsNHBr + H2O <=> TsNH2 + HOBr 

Kd 

(2) 

(3) 

(4) 

2 TsNHBr 4 >TsNH2 + TsNBr2 (5) 
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HOBr + H+ <=> H2OBr+ (6) 

In acidic medium, the probable oxidizing species are TsNHBr, dibromamine-T (TsNBr2), 

HOBr, and H2OBr+. In alkaline medium, in which TsNBr2 and H2OBr + do not exist, 

the expected reactive species are TsNHBr, HOBr and TsNBr \ Hardy and Johnston11 

have reported the following equilibria in alkaline solutions of bromamine-B (BAB): 

PhSChNBr" + H2O PhS02NHBr + OH" (7) 

PhSOiNHBr + H2O PhSOiNHz + HOBr (8) 

Assuming the toluene derivative to be similar to the benzene analogue, equation (8) indi¬ 

cates a slow hydrolysis. If HOBr were the primary oxidizing species, a first-order retar¬ 

dation of the rate by the added p-toluenesulfonamide would be expected, which is con¬ 

trary to the experimental observations. If TsNHBr were the reactive species, a retarda¬ 

tion of the rate by [OH ] would be expected [equation. (7)], which is also contrary to the 

experimental observations. It is, therefore, likely that the anion, TsNBr ', itself acts as 

the reactive species responsible for the oxidation of amines. Based on the preceding 

discussion of the experimental data, the following mechanism (Scheme I) is proposed for 

the reaction: 

Scheme I 

Ki 

TsNHBr + OH' <=> TsNBr" + H20 
(fast) 

(i) 

K2 

TsNBr" + S <=> X 
(fast) (Complex) 

(ii) 

X -Si—> X’ +TsNH" 
(slow) 

(iii) 

X' (fas,) > (fas,) > Products (iv) 

TsNH" + H2O f , ) TsNH2 + OH’ 
fast (v) 

Here S is the amine substrate, nPA or nBA or rcHA and X and X' are intermediate com¬ 

plex species, whose structures are shown in Scheme II. 

A detailed mechanistic interpretation of the amine oxidation by BAT in NaOH medium is 

presented in Scheme II. An electrophilic attack by the positive bromine of the oxidizing 

species, (p-CH3C6H4S02NBr)', at the amino nitrogen atom of the substrate forms the 

complex species X (step i) which leads to the formation of the intermediate X' and 

TsNH or p-CH3C6H4S02NH* (step ii). In Step iii, X' undergoes an a-hydrogen 

abstraction by OH forming an imine intermediate X", a water molecule and a bromide 
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ion. In the next step, imine intermediate X” undergoes a nucleophilic attack on a- 

carbon by water to form an a-hydroxyamine which on nucleophilic attacks by OH' and 

H20 forms the aldehyde and ammonia (step v). 

Scheme II 

H 

(substrate) 

+ Br- NTs 

(oxidant) 
(fast) 

+8/H 
R—C—N 

H \jP 
Br—N-Ts 

(X) 

(i) 

\ +8/H 
R—C—N. 

vf '\I 
Br-N-Ts 

■ ■ 

(X) 

(slow) 

/H 
R-PT n\ 

:OH' 

(fast) 

n\ /H 
R—,C— N. + TsNH 

w Br 

(X1) 

+ h2o 

-OH' 

TsNH: 

\ 
R 
/ 
C=N-H + H90 + Br' 

(X") 

C= N-H C== 
J 4 (fast) 

H 
/°^H 

R—C—N 

a. 

_/ H 

:OH' 

(fast) 

(fast) 

nh 

(aldehyde) 

H\ /H 
R-C-N 

/ nh 

H 

NH3 + H2O 

+ :OH" 

(iv) 

M 

Here Ts = p-CH3-C6H4S02 - and R = CH3CHr for nPA, CH3(CH2) 2 - for nBA, and 

CH3(CH2) 4- for nHA as in equation (1). 
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If [BAT]t represents total [BAT], then 

[BAT], = [TsNHBr] + [TsNBr' ] + [X] (9) 

and [X] = 
KiK2[BAT],[S][OH~] 

[H20] + Ki[0H‘]{1 + K2[S]} 
(10) 

Scheme I leads to the rate law [eq. (12)], since rate = k3[X] (H) 

dt 

d = KiK2k3[BAT],[S][OH-] 

[H20]+Ki[0H’]{1 + K2[S]} 
(12) 

This rate law [eq. (12)] is in agreement with the experimental data including a first-order 

in [BAT] and a fractional-order each in [amine] and [OH ]. 

Since rate = kobs [BAT]t, equation (12) can be transformed into equations (13) and (14). 

1 _ [H2O] {1 + K2[S]} 

kobs ” KiK2k3[OH"][S] K2k3[S] 

1 

kobs 

1 , [H2Q] 

K2k3[S] Ki[OH~] 
+ 1} + 

]_ 

k3 
(14) 

A plot of l/kobs vs. l/[OH ] at constant [S], from equation (13), is linear (r > 0.9950) with 

slope = 
[H20] 

KiK2k3[S] 
and intercept = 

1 + K2[S] 

K2k3[S] 

From equation (14), a plot of l/kobs vs.l/[S] at constant [OH ] is linear (r > 0.9938) with 

1 1 r [H2O] 11 slope =-{-+1} 
K2k3 Ki[OH ] 

1 
and int ercept = — 

K3 

Values of the formation constants K, and K2 and of the decomposition rate constant (k3) 

of the amine-BAT complex have been determined from the above double reciprocal 

plots. The data are presented in Tables 3 and 5. It may be seen that Kt can be deter¬ 

mined from both the equations. The results in Table 5 show that there is good agreement 
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between values of K, obtained from the two equations and the near constancy ofK, val¬ 

ues strongly supports the proposed mechanism of oxidation of amines by BAT. 

Attempts were made to arrive at a linear free energy relationship for the oxidation of pri¬ 

mary amines by BAT. Tests of the complete Taft equation12 and the single parameter 

correlations with polar substitution constant (a*) and steric substitution constant (Es) 

have been made with the plots: log (k3-Es) vs. a*, log k3 vs. a*, and log k3 vs. Es. The 

following regression equations were found: 

logk3 = -0.63(7 * -2.19 (r = 0.9814) (15) 

logk3 = -1.76Es - 6.0 (r = 0.8966) (16) 

(logk3 - Es) - -0.44a * -1.5 (r = 0.9911) (17) 

A good correlation of log k3 with a* implies that electronic effects play a dominant role 

in determining the rate. The implication of the steric effect on the rate is not too signifi¬ 

cant as revealed by equation (16). The negative values of reaction constant p* (-0.63 and 

-0.44) indicate that the presence of electron-donating groups in the amine increases the 

reaction rate. However equation (17) implies that both steric and electronic effects play a 

role in determining the rate. 

It is seen from the data in Tables 1 and 3 that the rate of oxidation of the amines by BAT 

increases in the order: nPA < nBA < nHA, indicating the combined effects of the induc¬ 

tive and steric factors of the alkyl groups in the amines. 

The relative magnitudes of energies of activation for the oxidation of three amines, in 

Table 4, which support the above trend, indicate that the reactions are enthalpy con¬ 

trolled. This is verified by calculating the isokinetic temperature (8) from the slope of 

the plot of AH’" vs. AS* (Fig. 3). The 6 value of 355 K, which is higher than the 

experimental temperature range used in the present study, indicates that the amine oxida¬ 

tion is enthalpy controlled. A further confirmation of the existence of isokinetic rela¬ 

tionship was done by the Exner criterion13 by plotting log k'(313K) vs. log k'(298K) which is 

linear (r = 0.9985). The Exner slope gave a 6 value of 338 K. The fairly negative values 

of entropy of activation indicate the formation of a rigid associative transition state in 

each case. The near constancy of AG* values indicates that the three primary amines 

react with BAT via the same mechanism. 

CONCLUSION 

The kinetics of oxidation of selected aliphatic primary amines by bromamine-T in alka¬ 

line medium leads to the following important conclusions. The linear free energy rela¬ 

tionship shows that an increase in chain length of the electron-donating alkyl group, 

CH3CH2, CH3CH2CH2, CH3CH2CH2CH2CH2, increases the rate of reaction as sup¬ 

ported by the negative value of the reaction constant (p* = -0.44). The value of isoki¬ 

netic temperature obtained indicates that the oxidation of amines with BAT is an enthalpy 

controlled reaction. The average deprotonation constant of monobromamine-T, a reac- 
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tive species of BAT, in alkaline medium has been evaluated at 303 K (K= 3.3 ± 0.1 x 

103M). 
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Table 1. Effects of varying reactant concentrations on the rate. 

[NaOH] = 5.00 x 10 3 M ; jj = 0.400 M and Temp = 308 K 

[BAT]0 x 104 

(M) 

[Amine]0 x 102 

(M) nPA 

k' x 104 (s’1! 

nBA nHA 

6.00 7.50 2.02 2.41 2.74 
7.00 7.50 2.02 2.41 2.72 
8.00 7.50 2.01 2.40 2.74 
9.00 7.50 2.01 2.41 2.75 

10.0 7.50 1.98 2.39 2.73 
11.0 7.50 1.95 2.38 2.73 

9.00 2.50 1.11 1.23 1.37 
9.00 5.00 1.67 1.92 2.15 
9.00 7.50 2.01 2.41 2.75 

9.00 9.00 2.17 2.63 3.03 

9.00 10.0 2.27 2.70 3.17 

Table 2. Effects of varying hydroxide concentrations on the rate. 

[BAT]0 = 9.00 x 10'4 M ; [Amine]0 = 7.50 x 10'2 M ; |x= 0.400 M; and Temp = 308 K 

[OH ]0 x 103 

(M) nPA 

k' x 104 ts ‘t 

nBA nHA 

3.00 1.57 1.82 2.00 

4.00 1.79 2.19 2.51 

5.00 2.01 2.41 2.75 

6.00 2.22 2.75 3.24 

10.0 2.67 3.37 4.18 

15.0 2.94 3.98 4.65 

20.0 3.31 4.42 5.29 

30.0 3.71 4.97 5.93 
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Table 3. Rate constants (k3) for the decomposition of the amine-BAT complex 

determined from double reciprocal plots* at different temperatures. 

Temp 

(K) nPA 

k,x lO4^'1) 

nBA nHA 

298 1.62 2.11 2.69 

303 2.05 2.93 3.71 

308 3.43 4.57 5.56 

313 5.12 6.25 7.89 

*A plot of 1/k' vs. l/[OH ] at constant [S] at each temperature based on equation (13) 

Table 4. Activation parameters for the decomposition of the amine-BAT complex 

determined from the values of k3 at different temperatures. 

Parameter nPA nBA nHA 

Ea/kJ mol1 60.1 56.8 55.0 

AH'/kJ mol’1 57.5 54.3 52.4 

AS'/JK'1 mol1 -126 -133 -138 

AG7kJ mol'1 95.7 95.0 94.5 
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Table 5. Equilibrium and formation constants of the amine-BAT complex determined 

from the double reciprocal plots. 

Amine K,xl0'3 

(a) (b) 

Kj(M-‘) 

n-Propylamine 3.10 2.00 86.5 

n-Butylamine 3.40 2.20 63.1 

n-Hexylamine 3.40 2.20 54.5 

(a) From the plot of 1/k' vs. 1/[S] at constant [OH ] and temperature of 308 K based on 

equation (14) 

(b) From the plot of 1/k' vs. l/[OH ] at constant [S] and temperature of 308 K based on 

equation (13) 
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Figure 1. Plots of log k’ vs. log [S]0 where S = amine. 

[BAT]0 = 9.00 x 10“ M ; [NaOH]0 = 5.00 x 10“ M ; |i= 0.400 M; and Temp = 308 K 
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Figure 2. Plots of log k' vs. log [OH']0. 

[BAT]0 = 9.00 x 10“ M ; [Amine]0 = 7.50 x 10'2 M ; |i= 0.400 M; and Temp = 308 K 
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Figure 3. A plot of AH* vs. AS* . 
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ABSTRACT 

A simple, accurate, and rapid method for the quantitative analysis of two penicillin drugs 

is developed. The method is based on the formation of a blue penicillin-azure A ion pair 

that can be extracted into chloroform in phosphate-citric acid buffer of pH 2.6-6.8 at 

room temperature (25 ± 2°C). The molar absorptivities for sodium penicillin G and 

potassium penicillin V at 660 nm are 6.74 x 103 and 3.87 x 104 M'1 cm'1, respectively. 

Beer’s law was obeyed over the concentration range of 3.5 - 75 ppm for sodium penicil¬ 

lin G and 3.0-50 ppm for potassium penicillin V. The optimum concentration ranges 

evaluated by Ringbom’s method and the Sandell’s sensitivities for sodium penicillin G 

and for potassium penicillin V were 7.0 - 68 ppm and 6.0 - 45 ppm, and 76 ng cm'2 and 

24 ng cm'2, respectively. Maximum absorbance of the solution was obtained almost 

instantaneously and was stable for several days. The Job’s method of continuous varia¬ 

tions indicated that a single 1:1 ion pair species was extracted. The relative error was 
±2%. 

INTRODUCTION 

The continuing introduction of new penicillin drugs has resulted in an extensive literature 

on their determination. The assays of antibiotics have been reviewed by Fairbrother (1). 

Most chemical assays for the penicillins are based on the titration of unconsumed iodine 

after incubation with hydrolyzed penicillin (2). One of the methods is based on the reac¬ 

tion of penicillins with an excess of N-bromosuccinimide (3). Adams et al. (4) have 

reported a novel enzymatic penicillin assay based on a pH-stat instrument incorporating 

coulometric generation of the titrant. Ibrahim et al. (5) have determined penicillins by 
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oxidizing with iodine monochloride and titrating the residual iodine monochloride with 

standard potassium iodate. Grime and Tan (6) have determined some selected penicillins 

by direct titration with potassium iodate. 

The available spectrophotometric methods for penicillins have been based on the deter¬ 

mination of the hydroxamic acid formed by reaction with hydroxylamine (7) or penicil- 

lenic acid-mercury(II) mercaptides formed by reaction with imidazole in the presence of 

mercury(II) (8). A method based on the formation of a chromogen (Xmax = 750 nm) by 

boiling penicillins and ammonium vanadate solution in sulfuric acid has also been 

reported (9). The purpose of this work was to apply the reagent Azure A to the spectro¬ 

photometric determination of microgram amounts of penicillin drugs. Azure A was 

found to form ion pairs with sodium penicillin G and potassium penicillin V extractable 

to an organic layer. The extraction of these ion pairs provided a very sensitive spectro¬ 

photometric method which is applicable over a wide range of pH with good selectivity. 

MATERIALS AND METHODS 

Apparatus 

A Beckman DB spectrophotometer and stoppered silica cells of 1-cm optical path were 

used for all absorbance measurements. An Elico Ll-10 pH meter was used for pH meas¬ 

urements. 

Penicillins 

Pharmaceutical-grade benzylpenicillin sodium (sodium penicillin G) and phenoxymeth- 

ylpenicillin potassium (potassium penicillin V) were obtained in sealed vials (Fisher Sci¬ 

entific Company). Elemental analysis revealed no significant impurities. Standard stock 

solutions of penicillins were prepared by dissolving appropriate amounts of the solid 

sample in 100 mL phosphate-citric acid buffer, pH 4.8. 

Azure A solution 

A 0.05% solution of Azure A (Fisher Scientific Company) was prepared in doubly dis¬ 

tilled water. 

Disodium hydrogen phosphate-citric acid buffer 

Fresh Mcllvaine buffer solutions in the pH range 2.2 - 8.0 were prepared from 0.2 M 

disodium hydrogen phosphate and 0.1 M citric acid (10). 

As all other reagents were of analytical grade, they were used without further purifica¬ 

tion. 

Procedure 

An aliquot of the analyte solution (containing 35.0 jig - 750 fig of sodium penicillin G or 

30.0 - 500 jig of potassium penicillin V) and 5 mL of buffer, pH 4.8, were taken in a 50- 

mL separatory funnel and the solution was diluted to 20 mL with doubly distilled water. 

Two mL of 0.05% azure A solution and 10 mL of chloroform were added. The separatory 

funnel was shaken vigorously for 2 min. to extract the ion pair formed between azure A 

and penicillin to the organic phase. The solution was allowed to stand for a fixed time 

(10-30 min.), the organic layer was transferred to a 15-mL glass stoppered tube containing 
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some anhydrous sodium sulfate and it was shaken vigorously until transparent. The 

transparent extract was transferred to a 10-mL volumetric flask, made up to the mark with 

chloroform, and the absorbance was measured at 660 nm against a reagent blank. The 

amount of penicillin was determined from the calibration curve prepared under the same 

experimental conditions. 

CAUTION. Since chloroform is a carcinogen, extreme care should be taken in handling 

the same. 

For the analysis of pharmaceutical preparations, an appropriate amount (approx. 20 mg) 

of the analyte was dissolved in phosphate-citric acid buffer (100 mL) to obtain an 

approximately 200 ppm solution of the penicillin drug, which was filtered, if necessary. 

The above procedure was then applied. 

RESULTS AND DISCUSSION 

Azure A is an important thiazine dye. It is soluble in water, forming a blue solution, and 

is almost insoluble in chloroform. A detailed investigation of the reaction between azure 

A and penicillins in various buffer media showed that azure A reacts with penicillins 

quantitatively in disodium hydrogen phosphate-citric acid buffer at room temperature, 

forming a blue ion-pair that can be extracted into chloroform phase. The color of the 

chloroform extract shows no loss of absorbance even after several days of standing. 

To establish the optimal pH range necessary for the reaction, penicillin was allowed to 

react with azure A in aqueous solutions buffered to pH 0.7 - 8.0 and the complex formed 

was extracted into chloroform for measurement. Sulfuric acid was used for adjustment to 

below pH 2.2 and Mcllvaine buffers were used for pH values in the range 2.2 - 8.0. 

Constant absorbances were obtained over the pH range 2.6 - 6.8. The decrease in absor¬ 

bance below pH 2.6 could be attributed to a decrease in the concentration of free penicil¬ 

lin ion caused by protonation. The increased absorbance above pH 6.8 was caused by the 

formation of an extractable azure A species. In all subsequent work, a pH of 4.8 was 

used. 

Spectral Characteristics 

The absorption spectra of the azure A-penicillin ion pairs extracted into chloroform 

showed that the maximum absorption (A,max) of the blue ion pairs was at 650-670 nm. 

The absorption spectrum of the reagent blank under similar conditions showed little 

absorption at and around the Xmax and, therefore, the analytical conditions were excellent. 

All subsequent studies were carried out at 660 nm. The A,max did not shift with a change 

in buffer composition at a given pH, when acetate and Mcllvaine buffers were tested. 

The effect of reagent concentration was investigated by measuring at 660 nm the absor¬ 

bance of chloroform extracts obtained by the reactions of 40 pg/mL of sodium penicillin 

G or 25 pg/mL of potassium penicillin V with various amounts of azure A. A 3-fold 

molar excess of azure A was required for maximum absorbance for both the penicillins. 

Therefore, 2 mL of 0.05% reagent solution sufficed for less than 80 pg/mL of sodium 

penicillin G or 55 pg/mL of potassium penicillin V. The Job’s method of continuous 

variations (11) indicated that a single 1:1 ion pair species was extracted. 
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Optimum extraction conditions were established by treating penicillin solution containing 

40 pg of penicillin with azure A as recommended and then extracting with successive 10 

mL portions of chloroform. The absorbance of the organic phase after each extraction 

was measured against chloroform at 660 nm. The absorbance of the fourth extract was 

very similar to that of the reagent blank, indicating that three 10-mL portions of chloro¬ 

form suffice for complete extraction. However, one 10-mL portion of chloroform was 

used in the recommended procedure. A test made on sodium penicillin G (40 pg/mL) 

with single extraction gave a mean result of 39.84 ppm with standard deviation of 0.228 

(n = 10). Other organic solvents were tested, but chloroform was found to be the most 

suitable one. 

Shaking times of 0.5 - 5 min. produced constant absorbance, and hence 2 min. shaking 

was used throughout. In contrast, increasing standing times (5-60 min.) after shaking 

produced a slight increase in absorbance for both the reagent blank and the ion pair. The 

reproducibility was good over a fixed period. For example, measurements on 30 pg/mL 

solutions after a 10-min. standing time showed standard deviations of approximately 0.26 

ppm (n = 10). The absorbances of the separated extracts were, however, stable for a week 

in a glass-stoppered tube at room temperature. 

Beer’s law was obeyed over the concentration range of 3.5-75 pg/mL for sodium penicil¬ 

lin G and 3.0-50 pg/mL for potassium penicillin V with optimal range of 7.0-68 pg/mL 

for sodium penicillin G and 6.0-45 pg/mL for potassium penicillin V. The molar absorp- 

tivities e were 6.74 x 103 M'1 cm"1 and 3.87 x 104 M"1 cm"1 for sodium penicillin G and 

potassium penicillin V, respectively, at 660 nm. For log I0/I = 0.001 (where I0 is the 

intensity of the incident light and I is the intensity of the transmitted light), the Sandell 

sensitivities for sodium penicillin G and for potassium penicillin V were 76 ng cm"2 and 

24 ng cm"2, respectively. 

Effect of Concomitant Substances and Applications to Penicillin Drugs 

The effects of some compounds that often accompany penicillin in pharmaceutical prod¬ 

ucts were studied. The compounds were added to 30 pg/mL penicillin solutions and 

their effects on the penicillin determination were studied by the recommended procedure. 

The tolerance limits are given in Table 1. The proposed method has the advantage of 

virtual freedom from interference and should be of value in the trace determination of 

penicillins in many samples. 

The proposed method was successfully applied to the determination of penicillins in vari¬ 

ous pharmaceutical preparations. The results of the assays of tablets and vials (Table 2) 

compared favorably with the quoted values, and with those obtained using the standard 

method of British Pharmacopoeia (12). 
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Table 1. Effect of concomitant substances on the determination of penicillins (penicillin 

taken, 30 pg/mL). 

Compound Added Tolerance Limit* (pg/mLl 

Sodium penicillin G Potassium penicillin V 

Ascorbic acid 150 150 

Benzoic acid 300 350 

Citric acid 5000 5000 

4-Hydroxybenzoic acid 425 400 

Sorbic acid 550 600 

Stearic acid 1000 950 

Tartaric acid 9000 9500 

Lactose 5500 6000 

Maltose 7500 7500 

Sucrose 10000 10000 

Barbitone 2500 2800 

Gelatin 6000 6500 

Gum cilacia 10000 10000 

Reserpine 400 400 

Sodium alginate 950 1000 

Sodium bicarbonate 1750 2000 

Starch 5000 5000 

Talc 5600 5600 

*Amount causing an error of ±2% 
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Table 2. Determination of penicillins in commercial pharmaceutical preparations. 

Preparation Percent Recovery3 fS.DO 

B.P. Method*5 Proposed Method 

Potassium penicillin Vc 

(125 mg/tab) 102.3(1.2) 102.8(1.3) 
(250 mg/tab) 98.8 (0.8) 99.2 (0.6) 

Sodium penicillin Gc 

(500,000 U/vial) 98.2(1.1) 98.4(1.4) 

(1,000,000 U/vial) 101.6 (0.8) 101.4 (0.6) 

Sodium penicillin Gd 

(200,000 U/vial) 102.4 (0.6) 102.0 (0.8) 

(500,000 U/vial) 96.8(1.5) 97.2(1.4) 

(1,000,000 U/vial) 101.2(1.2) 100.6(1.2) 

aMean of ten determinations with standard deviation (S.D.). 

bBritish Pharmacopoeia (1973). 

cMarketed by Hindustan Antibiotics, Ltd. 

dMarketed by Squibb. 
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ABSTRACT 

As part of a study of the feasibility of re-establishing a free-ranging elk population in 

southern Illinois, I used simulation modeling to examine population growth relative to 

variation in carrying capacity, initial release size, calf production, yearling cow recruit¬ 

ment, adult cow survival, maximum growth rate, and the probability of a demographic 

catastrophe. Sensitivity analysis suggested that the performance of a simulated elk 

population was relatively robust to variation in all factors except maximum growth rate 

and probability of demographic catastrophe. These results indicate that the establishment 

phase of an elk restoration project in Illinois is likely to be successful given the assump¬ 

tions made about elk demographics. Population control programs and the detrimental 

effects of endemic disease (a possible source of demographic catastrophe), and loss of 

genetic variation remain important management considerations. 

INTRODUCTION 

In the fall of 1995, members of the General Assembly of the State of Illinois directed the 

Illinois Department of Natural Resources to study the feasibility of reestablishing a wild 

population of elk (Cervus elaphus) in southern Illinois. Re-establishing populations of 

large free-ranging wild species is expensive and time-consuming. Such populations nec¬ 

essarily start from small initial releases and are therefore vulnerable to extinction from 

chance catastrophes and demographic stochasticity. Several authors (Lehmkull 1984, 

Griffith et al. 1989, Leberg 1993) have recommended the use of simulation modeling 

based on published demographic information as a means of predicting the likely demo¬ 

graphic characteristics of an introduced population. Projected population growth can 

then be used to estimate important management parameters such as population persis¬ 

tence and time required to reach a certain density threshold (ie. a “huntable” population). 

Experience in other states suggests that managers must consider the number of elk 

released in order to assure sufficient survival through the first several breeding cycles 

(Witmer 1990). Most founding events for large ungulates are characterized by small ini¬ 

tial population sizes (Shonewald-Cox 1986). Nonetheless, Griffith et al. (1989) estimated 
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that for large game species, the probability of successfully re-establishing a population 
becomes asymptotic as the number of released animals approached 20 - 30. 

Although it is dangerous to try to infer population estimates from untested habitat models 
(Edge et al. 1990), analysis of the vegetation and landscape composition in southern Illi¬ 
nois suggests that there is sufficient habitat to sustain a population of re-introduced elk 
(Van Deelen et al. 1997). This report describes a population modeling exercise that used 
the habitat characteristics of southern Illinois and published information on the demogra¬ 
phy of a newly-established elk population to estimate the likely growth characteristics of 
an elk population re-introduced to southern Illinois. Specific objectives were to (1) esti¬ 
mate potential population growth, and (2) suggest parameters population managers can 
use as sensitive descriptors of elk population growth. 

METHODS 

A re-introduced population of elk in southern Illinois was modeled using RAMAS/GIS 
software (Applied Biomathematics, Setauket, New York). RAMAS/GIS links Geo¬ 
graphic Information System (GIS) -based habitat models with matrix population models 
(Caswell 1989) to produce demographic models that are spatially explicit for a given 
landscape’s habitat quality and configuration (Akcakaya 1994). 

Habitat modeling was done with ARC/INFO software using digital cover type maps 
derived from Thematic Mapper satellite imagery. Modeling assumptions and methods 
are described elsewhere (Van Deelen et al. 1997). Habitat modeling produced digital 
raster-based maps (grids) of habitat configuration in southern Illinois. The habitat model 
used in RAMAS/GIS classified habitat quality for elk based on forage:cover ratios and 
road densities (road density served as an index of human disturbance, Lyon 1984, Van 
Deelen et al. 1997). This map was resampled to a 1 km2 grid cell resolution and each cell 
received a “habitat” score based on a function that integrated forage:cover ratios and the 
negative effects of road density (Lyon 1984, Van Deelen et al. 1997). Allowable habitat 
scores could range between 0 and 1 (1 = optimal). When the model was applied to the 
southern Illinois landscape, habitat scores ranged between 0 and 0.48. 

I constructed a spatially-explicit population model for elk in southern Illinois based on 
probable estimates for demographic and habitat characteristics reported in the literature. 
This best estimate model was defined as the reference model. The influence of various 
parameters on elk population growth was then explored by constructing other models in 
which the parameter of interest was changed and the subsequent growth characteristics 
were compared to the reference model. The performance of each model represents 1000 
simulations of 50 generations. 

Metapopulation Structure 

RAMAS/GIS identifies metapopulation structure in two steps (Akcakaya 1994). It first 
finds habitat patches by aggregating adjacent grid cells whose habitat score is above 
some threshold value believed to represent the minimum level of habitat quality at which 
a species will reproduce. It then groups these patches into subpopulations if their centers 
are within a user-defined distance within which the species is assumed to be panmictic. 
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Using a similar elk habitat model in Oregon, Wisdom et al. (1986) reported that habitat 

values in the 0.20 to 0.30 range represented marginal habitat. Therefore I chose 0.25 as 

the threshold value for identifying habitat patches in southern Illinois. Elk, whether 

migratory or not, typically move substantial distances (i.e., ) 10 km seasonally or during 

dispersal, Moran 1973). I chose 10 km as the “neighborhood distance” (Akcakaya 1994) 

used to group patches of suitable habitat into sub-populations. 

Demographics of the Reference Model 

The demographic characteristics of the modeled elk population were based on 20 years of 

count data for a colonizing elk population in eastern Washington (Table 1 in Eberhardt et 

al. 1996). Eberhardt et al. (1996) describe the growth and demographic characteristics of 

an isolated herd that began with a small number of individuals colonizing unoccupied 

habitat on a military facility. These elk were largely protected from hunting and had few 

or no large predators, making their situation similar to that of a re-introduced herd in Illi¬ 

nois. 

The demographic model is a stage-based matrix consisting of yearly “transition rates” 

between 5 stages; calf, yearling cow, adult cow, yearling bull, adult bull (Caswell 1989, 

Akcakaya 1994; Appendix A). This is a generalization of the more familiar Leslie matrix 

that allows for modeling both sexes and grouping of older (i.e., adult) year-classes. The 

basic equation is ... 

N,+i = A N, 
where: 

Nt+1 = the vector of stage-class abundances at time t+1 

A = the matrix of stage transition rates 

Nt = the vector of stage-class abundances at time t. 

Parameters for A were estimated using regression techniques recommended by Caswell 

(1989, see Appendix A). 

Other characteristics of the reference model included an estimate of demographic sto- 

chasticity calculated from the variance in stage-specific survival and fecundity in 

Eberhardt et al. (1996, Appendix A) and a “scramble-type” density dependence 

(Akcakaya 1994) characteristic of logistic growth that is constrained as the population 

approaches carrying capacity (K, Wilson and Bossert 1971). To model this type of den¬ 

sity dependence, RAMAS/GIS requires user inputs of K and the maximum allowable 

growth rate (Rmax, more commonly known as X in birth-pulse populations [Caughley 

1977]). Eberhardt et al. (1996) estimated that the maximum possible growth rate in free- 

ranging elk was X = 1.33, thus Rmax = 1.33 was used in modeling. K was estimated as a 

function of the habitat modeling and was one of the parameters that was varied (see 

below). 

Sensitivity of simulated elk growth to select model parameters 

Trial 1: Variation in Carrying Capacity IK). K for the reference model was estimated 

from information on Michigan’s elk herd (the nearest successfully re-established elk 

population for which there is extensive demographic information). A digital map of HSI 

modified by road density (Van Deelen et al 1997) was spatially re-sampled to 1 kirr cell 
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size and was imported into RAMAS/GIS. Using a threshold value of 0.25 (“marginal 

habitat”, Van Deelen et al. 1997) to identify suitable elk range, RAMAS calculated XHSI 

= 713 for all cells with HSI > 0.25. RAMAS/GIS then estimated K as a function of ZHSI 

and multipliers that relate habitat quality to elk density. Moran (1973) estimated a K of 

1.9 elk/km2 for Michigan’s elk range. Assuming that the average HSI for each km2 in the 

Michigan range was 0.75 (“highly viable”, Wisdom et al. 1986), 1.9 -5- 0.75 = 2.53 pro¬ 

vides a multiplier for calculating K from EHSI. In the reference model, I assume that the 

relationship between habitat suitability and elk density in southern Illinois is equivalent to 

that of Michigan (K = 713 * 2.53 = 1800). Comparisons include hypothetical situations 

where the suitability/density relationship is 1/3 (K = 600) and 2/3 (K = 1200) that of 

Michigan as well as situations were the suitability/density relationship is 4/3 (K = 2400) 

and 5/3 (K = 3000) that of Michigan. 

Trial 2: Variation in initial release size. The initial release size in the reference model was 

30 adult elk with a 2:1 (F:M) sex ratio. Since the transport and release of large ungulates 

is expensive, and successful releases of elk have involved small founding populations, I 

compared the reference model to models wherein the initial release was 24, 18, 12, and 6 

(2:1 [F:M] sex ratio). 

Trial 3: Variation in calf production. In the reference model, adult cows produce about 

0.65 calves/year. This figure is based on the cow:calf ratios counted by Eberhardt et al. 

(1996) during the summer, thus it represents an integration of cow fecundity and neonatal 

survival in both sexes. The influence of calf production on population growth rates and 

extinction probabilities was explored by comparing the reference model with models in 

which calf production was decreased by 0.05, 0.10, 0.15, and 0.20. 

Trial 4: Variation in recruitment of yearling cows. In the reference model, the transition 

rate from calves (both sexes) to yearling cows was 0.66. This value is roughly equivalent 

to recruitment and represents high survival to the yearling stage for female calves relative 

to that of male calves. I assessed the influence of recruitment rate of yearling cows by 

comparing the reference model to models in which the transition rate from calves to 

yearling cows was reduced to 0.61,0.56, 0.51 and 0.46. 

Trail 5: Variation in the survival of adult cows. In the reference model, the survival rate 

of adult cows was very high (0.90) reflecting the growth of Eberhardt et al.’s (1996) 

population that was in the early stages of colonization and thus largely free from density 

dependence. I assessed the influence of adult cow survival by comparing the reference 

model to models in which the survival of adult cows was reduced to 0.85, 0.80, 0.75, and 

0.70. 

Trial 6: Variation in Rmax. Rmax is one of the parameters that determines the density- 

dependence of the simulated population as it grows larger (above). In the reference 

model Rmax was set at 1.33. To evaluate the influence of Rmax, the reference model was 

compared to models in which Rmax was decreased to 1.28, 1.23, 1.18, and 1.13. 

Trial 7: Effect of demographic catastrophes. Catastrophes are rare events that result in 

significant mortalities in a population (i.e., severe disease outbreaks, region-wide wild¬ 

fires, unusual weather). For the purposes of simulation modeling, catastrophes were 
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designated as events that caused a 75% decrease in the yearly transition rates in all stage- 

classes. This is roughly equivalent to a 75% drop in survival and reproduction. In the 

reference model, the yearly probability of a catastrophe was 0. To explore the effects of 

catastrophes on simulated population growth and extinction probabilities, the reference 

model was compared with models in which the yearly probability of encountering a 

catastrophe was 0.05, 0.10, 0.15, and 0.20. 

Each trial consisted of the reference model and a series of comparison models wherein a 

parameter was changed. Within each trial, the growth curves of the comparison models 

were compared to the growth curve of the reference model using the Kolmogov-Smirnov 

test statistic D. This statistic is a measure of the maximum vertical distance between 

curves (Akcakaya 1994). Statistical significance is based on the null hypothesis that one 

curve is equivalent to another. 

RESULTS 

Metapopulation structure 

Given the HSI threshold for reproduction and the neighborhood distance supplied to the 

program, RAMAS/GIS classified all the suitable habitat in southern Illinois as belonging 

to one large population with no metapopulation structure. This greatly simplified the 

population modeling since the interaction among metapopulations does not become a 

factor. At neighborhood distances (10 km, RAMAS/GIS recognize metapopulation 

structure consisting of 2 sub-populations - Shawnee National Forest and Heron Pond 

area. At neighborhood distances ( 5 km, RAMAS/GIS recognizes three subpopulations 

(eastern Shawnee National Forest, western Shawnee National Forest, and Heron Pond). 

The “no metapopulation” situation is probably the most realistic because the estimate of 

10 km for neighborhood distance is very conservative since movements of 15 - 20 km are 

more commonly reported (Georgii and Schroder 1983, Moran 1973) and dispersal in 

excess of 50 km is known (C.L. Marcum, Univ. of MT, pers. commun.). 

Trial 1: Carrying Capacity. Variation in K had little influence on the probability of func¬ 

tional extinction or the time required to cross the N = 200 threshold (Table 1). I use the 

time to reach N = 200 as a convenient benchmark with which to compare population 

growth. Though somewhat arbitrarily chosen, N = 200 elk would indicated a measure of 

success comparable to that of the elk population in Pennsylvania (Witmer 1990). At K = 

2400, and 3000 the growth curves were significantly different from that of the reference 

model. These patterns are expected given the influence of K on density-dependent 

population growth. At low N there is little density-dependence regardless of K, thus the 

parameters that are mostly a function of growth in the early stages (probability of extinc¬ 

tion, time to N = 200) do not differ. 

Trial 2: Initial Release Size. Variation in the initial number of elk released significantly 

influenced the growth of model elk populations, affecting time to N = 200 and time to K 

when the release sizes were 24, 18, 12, and 6 (Table 2). Probability of functional extinc¬ 

tion remained low (<0.01) until the number of released elk dropped below 12 suggesting 

a threshold level of adult elk to be included in the initial release. 
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Trail 3: Calf Production. Variation in the rate of calf production had slight but significant 

influence on the growth of model elk populations (Table 3.)* Curiously, the population 

grew faster in the face of declining calf production - a phenomena probably due to a shift 

in the age and sex structure of the model populations that favors stage classes with high 

survival (i.e., adult cows), although this may also indicate a weakness in the model. In a 

practical sense, the magnitude of the differences in growth parameters (i.e., time to N = 

200, time to K) relative to the reference model is small and probably not biologically 

meaningful; statistical significance is due to the large sample sizes in the comparison. 

Trial 4: Yearling Cow Recruitment. Variation in the transition rate from the calf stage to 

the yearling cow stage (recruitment rate of yearling cows) produced small changes in the 

time to N = 200 and time to K relative to the reference model (Table 4). Differences 

were again significant when the transition rate was decreased by >0.10 although the 

magnitude of the differences was trivial. Functional extinction probabilities were < 0.01. 

Similar to trial 3, the trend was for faster growth with declining recruitment of yearling 

cows due to a shift in the age structure that favored adult cows and their relatively higher 

survival. 

Trial 5: Adult Cow survival. Variation in the yearly survival rates of adult cows had little 

influence on growth of simulated elk populations relative to the reference model (Table 

5). The probability of functional extinction remained <0.01 and time to N = 200 was 

unchanged. The time to K decreased as the survival of adult cows decreased but although 

significant in 3 of the comparisons, the magnitude of the difference was trivial. 

Trail 6: Maximum Growth Rate. Variation in the maximum growth rate significantly 

influenced the growth of the simulated elk populations relative to the reference. Time to 

N = 200 and time to K increased with decreasing maximum growth rate and the prob¬ 

ability of extinction increased. 

Trial 7: Catastrophes. The introduction of demographic catastrophes into the model had a 

profound effect on the growth of the simulated elk populations (Table 7). Increasing the 

probability of a catastrophe produced significantly different growth curves and substan¬ 

tially increased the probability of functional extinction. Time to N = 200 and time to K 

became much longer. 

DISCUSSION 

Simulations and sensitivity analysis indicated that the growth of a re-introduced elk 

population is relatively robust to variation in calf production, yearling cow recruitment, 

and adult cow survival when each of these parameters is varied independently. Variation 

in maximum growth rate and the potential for demographic catastrophes had greater 

influence. Variation in carrying capacity was most influential at the upper end of the 

growth curve where density dependence was greatest. In most of the simulations, early 

population growth was similar with low probabilities of functional extinction and median 

values of 7 - 9 years for populations to cross the N = 200 threshold. 

In the reference model, Rmax was based on Eberhardt et al.’s (1996) estimate of the maxi¬ 

mum growth rate for elk. Modeling suggested that this estimate influences growth in the 
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early and late stages of density dependence. Managers of a re-introduced elk herd 

require accurate estimates of Rmax to project when population growth crosses certain 

thresholds (i.e., a “huntable” population). Rmax may be substantially different for an elk 

population in southern Illinois due to habitat differences (dry shrub-steppe vs. humid 

deciduous/cropland mix). Managers should track the yearly growth of the elk herd with 

some reliable index to be able to estimate Rmax for southern Illinois. 

These simulations suggest that, given the assumption of demographic characteristics 

similar to that of Eberhardt et al.’s (1996) elk population, the establishment phase of a re¬ 

introduced population of elk in southern Illinois should be biologically successful. Later 

growth and optimal size for a sustainable population are more difficult to predict. Habitat 

modeling and assumptions about habitat quality suggest that the absolute biological car¬ 

rying capacity of the southern-most 11 counties in Illinois might be quite high (i.e., K = 

1800). McCoquodale (1991) hypothesized that elk in mesic habitat would require less 

space than elk in relatively arid habitat due to higher quality forage. Thus, I may have 

underestimated K by applying habitat quality/elk density relationships from western 

states. Multiple use of the proposed elk range (Shonewald-Cox 1986) and the potential 

for conflict with agriculture and other land uses (Van Deelen et al. 1997) indicates that 

landowner tolerance and, hence, management goals will be substantially lower than bio¬ 

logical K. The experience of other eastern states (Witmer 1990) suggests that a popula¬ 

tion of elk in southern Illinois will not be tolerated at populations that are higher than 500 

- 1000 individuals. Since the projected biological K is higher than 500 - 1000, managers 

should prepare to control the elk herd as population growth approaches re-introduction 

goals. Since density-dependent population growth is a function of biological K rather 

than management goals, elk in southern Illinois will very likely need to be maintained at 

a population level well below K, requiring that a long-term population control program 

(i.e., culling or hunting) be in place. 

Release of fewer than 12 individual adults (8 females, 4 male) resulted in an unaccepta¬ 

bly high probability of functional extinction. Multiple releases and the sex and age com¬ 

position of released individuals can affect the success of a translocation. Griffith et al. 

(1989) noted that the typical translocation consisted of 6 releases over 3 years. They 

report that in the case of large native game animals the probability of success becomes 

asymptotic above 20-40 animals/release. Reed et al (1986) cautioned that management 

goals should be well above minimum estimates since the margin of error is unknown. 

In the context of selecting founding populations for re-introductions, Leberg (1993) noted 

that when the number of founders is low, the loss of genetic heterozygosity is high, but 

founding populations with fewer than 10 individuals can retain most (>95%) of the het¬ 

erozygosity in the source population if numbers are increased rapidly (Lehmkuhl 1984). 

Fortunately, this is true of elk populations in favorable habitat (Gogan and Barrett 1987, 

McCorquodale et al. 1988). The optimal strategy is to release as many unrelated, repro¬ 

ductive-age animals as possible; select source populations from similar habitats to favor 

adaptive genotypes; and avoid captive stock as source populations because of uncertain 

genetic backgrounds and high probability of relatedness (Leberg 1990). 

For long-term maintenance of genetic heterozygosity, populations of less than 500 should 

be considered short-term and in danger of extinction. They should be augmented occa- 
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sionally with other individuals to provide new genetic material (Lehmkull 1984). 

Schonewald-Cox (1986) calculated that an elk population needed 90 breeders (15 male, 

75 female) to prevent inbreeding, and 900 breeders (150 male, 750 female) to prevent 

genetic drift. If one includes calves and non-breeders the former population would con¬ 

tain 150-200 elk, the latter 1500-2000. A elk population of 1500-2000 would require 

approximately 400 mi2 of dedicated elk range and would be unlikely in southern Illinois 

as discussed above. Other eastern states manage elk populations that are substantially 

smaller (-150 in Pennsylvania, -800 in Michigan, Witmer 1990). A long-term manage¬ 

ment plan for elk in southern Illinois may need to consider periodic introductions of new 

genetic material. 

Analysis suggests that catastrophic events may profoundly affect the growth of a popula¬ 

tion of elk in southern Illinois. Weather conditions in southern Illinois are relatively 

benign and unlikely to cause catastrophic mortality, although natural die-offs may be 

possible (Young 1994). Potential catastrophes in the form of disease (Gogan and Barrett 

1987) may exist as well. Vulnerability to demographic catastrophes in the simulations 

suggests that managers may need to take a closer look at the potential for disease in 

southern Illinois. Several diseases in white-tailed deer in southern Illinois have the 

potential to limit the growth of a re-introduced elk herd. Kistner et al. (1982) believed 

that endemic infections of meningeal worm in white-tailed deer doomed elk re-introduc- 

tions in the eastern states to failure. Although elk in Michigan and Pennsylvania seem to 

tolerate brainworm fairly well, the Wisconsin re-introduction plan recommended that 

deer in the proposed elk range be sampled for parasites and disease. This sampling 

would determine the diseases to which elk might be exposed, and document the pre¬ 

existence of disease that might be blamed on the elk (Parker 1991). In an experimental 

study, Samuel et al. (1992) found that the meningeal worm is capable of completing its 

life cycle in elk. Fewer larvae were shed in elk feces relative to white-tailed deer and elk 

were judged to be “less suitable” hosts. Endemic infection of meningeal worms in local 

deer need not preclude elk translocation although it may reduce elk productivity. Release 

sites should be areas with low levels of infection. 
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Table 1. Sensitivity of growth parameters to variation in K (carrying capacity) in a simu¬ 

lated elk population. 

Treatment Probability of 

functional 

extinction3 

Time to N=200 

(years) 

Time to K 

(years) 

K-S 

comparison to 

Reference 

Modelb 

Reference Model 

(K=1800) 

<0.01 7.1 18.7 — 

K = 600 <0.01 7.4 14.5 P > 0.05 

K=1200 <0.01 7.2 17.2 P > 0.05 

K=2400 <0.01 7.1 19.7 P < 0.05 

K=3000 <0.01 7.1 20.1 P < 0.05 

aFunctional extinction defined as N <10 during a simulation 

bKolmogrov-Smirnov test, H0: No difference in extinction risks 

Table 2. Sensitivity of growth parameters to variation in initial release size in a simulated 

elk population. 

Treatment Probability of 

functional 

extinction3 

Time to N=200 

(years) 

Time to K 

(years, 

K=1800) 

K-S 

comparison to 

Reference 

Modelb 

Reference Model 

(30 released) 

<0.01 7.1 18.7 — 

24 released <0.01 7.9 14.5 P < 0.001 

18 released <0.01 9.1 17.2 P< 0.001 

12 released <0.01 10.8 19.7 P< 0.001 

6 released 0.79 13.7 20.1 P < 0.001 

functional extinction defined as N <10 during a simulation 

bKolmogrov-Smirnov test, H0: No difference in extinction risks 
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Table 3. Sensitivity of growth parameters to variation calf production in a simulated elk 

population. 

Treatment Probability of 

functional 

extinction3 

Time to N=200 

(years) 

Time to K 

(years, 

K=1800) 

K-S 

comparison to 

Reference 

Modelb 

Reference Model 

(Flc = 0.65) 

<0.01 7.1 18.7 — 

FI =0.60 <0.01 7.1 18.6 P < 0.05 

FI =0.55 <0.01 6.8 18.5 P< 0.001 

FI = 0.50 <0.01 6.5 18.3 P< 0.001 

FI = 0.45 <0.01 6.3 18.2 P< 0.001 

functional extinction defined as N <10 during a simulation 

bKolmogrov-Smirnov test, H0: No difference in extinction risks 

CF1 = rate at which adult cows produce calves each year in simulation model 

Table 4. Sensitivity of growth parameters to variation in yearling cow recruitment in a 

simulated elk population. 

Treatment Probability of 

functional 

extinction3 

Time to N=200 

(years) 

Time to K 

(years, 

K=1800) 

K-S 

comparison to 

Reference 

Modelb 

Reference Model 

(Plc = 0.66) 

<0.01 7.1 18.7 — 

PI =0.61 <0.01 7.0 18.6 P > 0.05 

PI =0.56 <0.01 6.8 18.5 P < 0.001 

PI =0.51 <0.01 6.8 18.3 P< 0.001 

PI = 0.46 <0.01 6.6 18.2 P< 0.001 

functional extinction defined as N <10 during a simulation 

bKolmogrov-Smirnov test, H0: No difference in extinction risks 

CP1 = the yearly transition rate from calves (both sexes) to yearling cows 



58 

Table 5. Sensitivity of growth parameters to variation in adult cow survival in a simu¬ 

lated elk population. 

Treatment Probability of 

functional 

extinction3 

Time to N=200 

(years) 

Time to K 

(years, 

K=1800) 

K-S 

comparison to 

Reference 

Modelb 

Reference Model 

(P3C = 0.90) 

<0.01 7.1 18.7 — 

PI =0.85 <0.01 7.1 18.6 P > 0.05 

PI =0.80 <0.01 7.1 18.5 P < 0.001 

PI =0.75 <0.01 7.1 18.3 P < 0.001 

PI = 0.70 <0.01 7.2 18.2 P < 0.001 

functional extinction defined as N <10 during a simulation 

bKolmogrov-Smirnov test, H0: No difference in extinction risks 

CP3 = the yearly survival rate of adult cows 

Table 6. Sensitivity of growth parameters to variation in maximum growth rate in a 

simulated elk population. 

Treatment Probability of 

functional 

extinction3 

Time to N=200 

(years) 

Time to K 

(years, 

K=1800) 

K-S 

comparison to 

Reference 

Modelb 

Reference Model 

(X = 1.33) 

<0.01 7.1 18.7 — 

X = 1.28 <0.01 9.2 27.4 P < 0.001 

X = 1.23 0.03 10.9 34.7 P< 0.001 

O
O

 

II 0.04 14.7 46.4 P < 0.001 

X= 1.13 0.10 21.1 68.5 P < 0.001 

functional extinction defined as N <10 during a simulation 

bKolmogrov-Smirnov test, H0: No difference in extinction risks 

c X = the maximum yearly rate of increase in a birth pulse population (Nt / NM) 
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Table 7. Sensitivity of growth parameters to variation in the probability of demographic 

catastrophes in a simulated elk population. 

Treatment Probability of 

functional 

extinction3 

Time to N=200 

(years) 

Time to K 

(years, 

K=1800) 

K-S 

comparison to 

Reference 

Modelb 

Reference Model 

(p[Cat.]c = 0) 

<0.01 7.1 18.7 — 

p[Cat.] = 0.05 0.17 7.5 25.3 P < 0.001 

p[Cat.] = 0.10 0.59 11.0 42.7 P< 0.001 

p[Cat.j = 0.15 0.94 18.0 170 P< 0.001 

p[Cat.] = 0.20 0.99 N/A N/A P< 0.001 

functional extinction defined as N <10 during a simulation 

bKolmogrov-Smimov test, H0: No difference in extinction risks 

cp[Cat.] = yearly probability of a catastrophe. Catastrophes are defined as a one-time 

yearly event that reduces all transition rates (survival and reproduction) by 75% (i.e., 

disease). 
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Appendix A: Schematic of Stage class relationships and transition rates 

FI and P(n) are yearly transition rates between the various stage-classes (nl - n5). 

Arrows indicate dependence, i.e., the number of adult bulls in year t depends on the num¬ 

ber of adult bulls in time t - 1 and the number of yearling bulls in time t-1. 

Population projections use the equation 

Nw = AN, 
where: 

Nt+1 = the vector of stage-class abundances at time t+1 

A = the matrix of stage transition rates 

Nt = the vector of stage-class abundances at time t. 

or alternately: 

nl. ♦ i 0 0 0 FI 0 nl. *o 

n2. +1 PI 0 0 0 0 n2. + 0 

n3. ♦1 , A = P2 0 0 0 0 , and N. = n3. + o 

n4. +1 O P3 0 P5 0 n4. ♦ o 

n5. +1 0 0 P4 0 P6 n5. + 0 
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Where: 

nij = number of individuals in stage I at time j 

FI = the rate at which adult cows produce calves 

PI = the yearly transition rate from calves (both sexes) to yearling cows 

P2 = the yearly transition rate from calves (both sexes) to yearling bulls 

P3 = the yearly survival rate of yearling cows 

P4 = the yearly survival rate of yearling bulls 

P5 = the yearly survival rate of adult cows 

P6 = the yearly survival rate of adult bulls 

Initial transition rates (= survival rates) were calculated from count data in Eberhardt et 

al. (1996)’s table 1. Calculations suggested that yearly survival of yearling and adult 

cows was 1.0. Since this rate was unrealistic over a 50 year simulation, 0.95 was used for 

yearlings and 0.90 for adults in the model. Initial stage abundances were set at 20 adult 

cows and 10 adult bulls for a total of 30 released elk. Size of the initial release is based 

on the release sizes commonly reported for large ungulates (Griffith et al. 1989, Witmer 

1990). Initial values for N , and the reference values for A were... 

N, = o 

0 

0 

0 

20 

10 

and 

A = 

0 

0.66 

0.34 

0 

0 

0 0 0.65 0 

0 0 0 0 

0 0 0 0 

0.95 0 0.90 0 

0 0.94 0 0.56 

Demographic stochasticity was simulated by a matrix of transition rate standard devia¬ 

tions (S) corresponding to A. Values were estimated from the variance surrounding 

Eberhardt et al.’s (1996) survival and fecundity rate estimations. 

S = 

0 

0.17 

0.17 

0 

0 

0 

0 

0 

0.11 

0 

0 

0 

0 

0 

0.17 

0.16 

0 

0 

0.11 

0 

0 

0 

0 

0 

0.17 
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ABSTRACT 

Growth and survivorship were examined in the Illinois chorus frog (Pseudacris streckeri 

illinoensis) in Madison County, Illinois. Growth was rapid with sexual maturity attained 

by at least some individuals in the first year after transformation. Females grew faster 

than males, attaining 90% of maximum size after year 1 compared to 78% for males. 

Annual adult survivorship of a cohort of frogs initially marked in 1993 and followed 

through 1998 averaged 26%. Because juvenile survivorship is low (= 2.8%), conserva¬ 

tion plans designed to increase the number of transforming froglets would increase 

population sizes. 

INTRODUCTION 

The Illinois chorus frog (Pseudacris streckeri illinoensis) occurs in Arkansas, Illinois, 

and Missouri (Conant and Collins, 1991). It is a threatened species in Illinois (Herkert, 

1992). Following transformation from ephemeral, fishless bodies of water in late May or 

early June, P. s. illinoensis is highly fossorial. Except for the early spring when frogs 

emerge from their burrows to breed, they bury themselves in sandy soils during the 

remainder of the year. Further information on the life-history of this frog was reviewed 

by Tucker (1998). The species is particularly difficult to study because it spends nearly 

all of its postmetamorphic life underground. 

Except for growth characteristics immediately after transformation (Tucker, 1995) noth¬ 

ing is known about the growth of Pseudacris streckeri illinoensis. Tucker (1995) found 

evidence that at least some individuals return as breeding adults the year after transfor¬ 

mation. The current research examines growth of this same cohort of frogs from 1993 to 

1997, the last year recaptures were made. Growth rates and timing of sexual maturity are 

important determinants of population size (Turner, 1960; Breden, 1988). Thus, knowl¬ 

edge of growth in P. s. illinoensis is important and may contribute to its conservation in 

Illinois. I also estimate adult survivorship for a cohort of individuals initially marked in 

1993 based on recaptures though 1998. 
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METHODS 

Tucker (1995, 1998) previously described the study sites in detail. Generally, the habitats 

at these sites have sandy soils with old-field vegetation. The frogs breed in shallow 

ephemeral wetlands associated with abandoned borrow pits. The froglets (n = 722) were 

captured with drift fences and initially marked by toe clipping (Tucker, 1995). Because 

only toes on the hind feet could be used, frogs were not given individually unique toe 

clips. Instead, they were marked in year cohorts with frogs newly collected each year 

given a different clip pattern. 

Recaptures of frogs marked as froglets in 1993 were made in 1994, 1995, and 1997 at 

chorus sites and along drift fences placed at sites bordering Sand Road in Madison 

County, Illinois (Tucker, 1998). Recaptured frogs were measured from snout to vent 

(SVL) to the nearest 1 mm, had their sex determined, and were then released 

immediately. Sex and reproductive status were determined using the method of Tucker 

(1998). 

I used SAS (SAS Institute, 1988) for statistical comparisons. Because sample sizes were 

small, I used nonparametric statistics including the Wilcoxon rank sum test (Z) to com¬ 

pare means. 

Voucher specimens include 13 froglets collected in 1993 and 23 road-killed adult frogs 

collected in 1994 (INHS 10938-39; INHS 10946-56 and INHS 12329-12351, respec¬ 

tively). The froglets were preserved under Illinois Department of Natural Resources 

(IDNR) permit number 93-8s. The road-killed frogs were preserved under IDNR permit 

A-93.0207. 

RESULTS AND DISCUSSION 

Recaptures of sexually mature frogs marked as froglets in 1993 were made in 1994, 1995, 

and 1997. No recaptures of 1993 froglets were made in 1996 and 1998. For all years, 41 

frogs were recaptured one or more times from the 722 froglets marked in 1993 (Table 1). 

The cohort of transforming froglets collected in 1993 at drift fences furthest from the 

pond averaged 21.2 mm in SVL (Fig. 1-1993 Field cohort, Tucker, 1995). Frogs from 

this 1993 cohort grew rapidly as indicated by those recaptured in 1994. Males on average 

increased their SVL by 15.6 mm (74%), whereas females increased their SVL by 18.1 

mm (85%). Females recaptured in 1994 were larger than males recaptured in 1994 (Z = 

2.45, 1 df, P = 0.0142) suggesting that they initially grew faster than males (Fig. 1). 

However, recaptured males and females did not differ significantly in size in either of the 

other two years (Z > 1.41, 1 df, P > 0.10). Sample sizes are, however, small for all year 

cohorts (Fig. 1). 

The frogs grew at slow rates between 1994 and 1997 (Fig. 1). During these three years 

(1994-1997), females added 2 mm (5%) to mean 1994 SVL, and males added 3.3 mm 

(9%) (Table 1). If these rates are reasonable approximations of post-sexual maturity 

growth rates, then adult growth rates were slow, averaging 0.67 mm per year for females 

and 1.1 mm per year for males. 
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Tucker (1995) noted the relatively large size at transformation for Pseudacris streckeri 

illinoensis in Madison County. Most toads (Bufo species) and hylids (e.g., Acris, Pseu¬ 

dacris, and Hyla) transform at smaller sizes of 10 to 17 mm (Turner, 1960 for a review). 

Moreover, P. s. illinoensis grows rapidly its first growth season following transformation. 

Females reach 90% of their maximum observed size (41.3 mm for 1997) in their first 

season of growth(i.e., 39.3 mm for 1994, Table 1). Males, however, attain 78% of 

maximum growth in their first season of growth. 

Some other anurans may grow as quickly as does Pseudacris streckeri illinoensis. For 

instance, Bayless (1969) found that the cricket frog {Acris crepitans) in Texas could 

reach sexual maturity and potentially breed in the same season that they transformed. 

Other small anurans grow at slower rates. The narrow-mouthed toad {Gastrophryne 

carolinensis) may take four years to reach maximal sizes (Anderson, 1954) and becomes 

sexually mature in their second year compared to the first year observed by me for P. s. 

illinoensis. 

The observation that growth may be faster for females than males is not unique. Females 

of Fowler’s toad (Bufo woodhousi fowleri) also grow faster than males (Clarke, 1974; 

Breden., 1988). Shirose and Brooks (1995a) noted that female green frogs (Rana clami- 

tans) and female mink frogs (Rana septentrionalis) from Ontario grew at faster rates than 

did males of either species. 

Tucker (1998) estimated annual adult survivorship at 30% from recaptures of 1993 

marked frogs through 1995. This estimate (method of Shirose and Brooks, 1995b) can 

now be extended through 1998. Given no recaptures of 1993 frogs in 1996 and 1998, 

average annual adult survivorship is estimated to be about 26%. Thus, seven frogs would 

be expected to remain alive in 1998 from a cohort of 1000 transforming froglets marked 

in 1993. 

Adult survivorship estimated at 26% stands in contrast to the 2.8% estimated survivor¬ 

ship from transformation to sexual maturity (Tucker, 1998). The large difference 

between adult and juvenile survivorship estimates suggests that future population size 

will be strongly influenced by the number of transforming froglets. Conservation plans 

for Pseudacris streckeri illinoensis should include efforts to increase the likelihood that 

tadpoles will successfully transform along with habitat protection programs. 
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Table 1. Snout-vent length of Illinois chorus frogs (Pseudacris streckeri illinoensis) 

recaptured in 1994, 1995, and 1997 from 722 froglets initially marked in 1993. 

No frogs marked in 1993 were recaptured in 1996 or 1998. 

_1994_ _1995_ _1997_ 

Sex N mean(SD)/range N mean(SD)/range N mean(SD)/range 

40.5(0.7)/40-41 6 41.3(0.8)/40-42 

38.3(1.7)736-40 9 40.1(2.0)737-43 

F 

M 

7 

13 

39.3(2.0)/37-43 2 

36.8(2.0)732-40 4 
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Figure 1. Growth of the Illinois chorus frog (Pseudacris streckeri illinoensis) from 

recently transformed froglets (1993) to adult males and females (other years). 

Horizontal bar represents the mean, the vertical bar represents the mean ± 1 

standard deviation. Numbers above (females) and below (males and froglets) 

the vertical bars represent sample sizes. 

Year class 
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ABSTRACT 

We examined hybrid survival and allozyme expression of five enzyme coding loci in 

laboratory induced hybrids between Ambystoma texanum and Ambystoma tigrinum. 

Survival of A. tigrinum x A. texanum hybrids was high (80%) compared to previous 

studies. Survival was much lower in A. texanum x A. tigrinum hybrids (32% and 43% 

for two different crosses). Electrophoretic patterns of ADA-1, LDH-1, LDH-2, and 

MDH-1 allozymes in all hybrids, and MDH-2 patterns in A. tigrinum x A. texanum 

hybrids, conform to patterns previously observed in diploid hybrids showing biparental 

allozyme expression. MDH-2 patterns in A. texanum x A. tigrinum hybrids are unusual, 

with weak expression of paternal allozymes. 

Key Words: allozymes, hybrids 

INTRODUCTION 

Laboratory crosses between members of the salamander genus Ambystoma provide 

excellent opportunities to study patterns of allozyme expression in hybrid amphibians. 

Phylogenetic studies indicate that Ambystoma is an old lineage with large genetic 

distances among species (Kraus, 1988; Shaffer et al., 1991). In spite of this divergence, 

most attempts to produce interspecific hybrids through artificial insemination (over 40 

interspecific combinations reported) produce viable Fj hybrids (Nelson and Humphery, 

1972; Brandon, 1972, 1977). Hybridization between at least four diploid species in 
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nature (A. jeffersonianum, A. laterale, A. texanum, and A. tigrinum) has produced 

populations with an interesting array of ploidy levels and genomic compositions (e.g., 

Uzzell, 1964; Downs, 1978; Morris and Brandon, 1984; Kraus, 1985a; Kraus, 1985b; 

Morris, 1985; Phillips et al. 1997). 

Allozyme electrophoresis is one of the principle diagnostic tools used to determine ploidy 

levels and relative parental genomic doses in Ambystoma jeffersonianum complex 

salamanders (e.g. Bogart, 1982; Bogart et al., 1985; Licht and Bogart, 1989; Lowcock 

and Bogart, 1989; Spolsky et al., 1992). Some allozyme phenotypes of in vitro hybrids 

between triploid females and males of four different diploid species have been described 

(Bogart et al., 1989); however, allozyme expression of in vitro hybrids between diploid 

species of this group of salamanders has not been reported. The objectives of this study 

were to examine viability of F! hybrids between Ambystoma texanum and Ambystoma 

tigrinum produced in the laboratory and to describe patterns of allozyme expression in 

them. 

MATERIALS AND METHODS 

Laboratory Crosses 

Crosses were made between Ambystoma texanum and A. tigrinum collected from western 

Kentucky and southern Illinois. Voucher specimens have been deposited in the Southern 

Illinois University Carbondale Fluid Vertebrate Collection (SIUC). Locality data and 

catalog numbers (H-numbers = alcoholic specimens and TC numbers = frozen tissues) of 

animals used in the hybridization experiment are as follows: 

A. tigrinum (tig): SIUC TC 605. Female, Livingston Co., Kentucky, Route 137, 0.8 mi S 

jet. 1436, 1.4 mi N mile marker 9, 15 February 1989, R. Brandon and R. Week; SIUC 

TC 612. Male, Jackson Co., Illinois, McGuire's Orchard pond, ca. 8 mi S Carbondale, 

14 February 1989, R. Week, G. Miller, G. Paleudis. 

A. texanum: SIUC H-3891. Female (Ktex), Livingston Co., Kentucky, Route 137, S of 

jet. Route 133, 2.2 mi N mile marker 9, 15 February 1989, R. Brandon, R. Week; 

SIUC H-3859 and H-3960. Females (ILtex), Williamson Co., Illinois, along Little 

Grassy Creek, sect. 4 T10S, R1E, 13 February 1989, R. Brandon, R. Week, H. 

Moeller, S. Taylor; SIUC H-3861. Male (tex), Williamson Co., Illinois, along Little 

Grassy Creek, sect. 4 T10S, R1E, 13 February 1989, R. Brandon, R. Week, H. 

Moeller. 

Matings (Table 1) between these salamanders were made through artificial insemination 

following the procedures of Brandon (1977). Females were injected with follicle 

stimulating hormone to induce ovulation. Sperm suspensions from males were kept on 

ice to extend functional longevity as eggs were removed from the oviducts of females. 

Fertilization occurred in dechlorinated water at room temperature (ca. 20°C). The two 

Illinois A. texanum females individually produced too few eggs for all matings, so their 

eggs were pooled and treated as one source. These females were collected syntopically 

and had identical phenotypes at all allozyme loci examined. All parents were sacrificed 

during the artificial insemination procedure and were stored in plastic bags at -80°C until 

their tissues were processed for electrophoresis. 
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Embryos developed in 10.5-cm diameter glass bowls in dechlorinate water. Embryos 

were counted and scored daily to follow development. Dead embryos were removed and 

water was changed daily. Upon hatching, larvae were fed young brine shrimp nauplii 

(Artemia sp.) and, when larger, frozen bloodworms (Chironomus sp.). Larvae were 

raised until they were large enough (3-4 cm total length) to provide adequate 

electrophoresis tissue samples, after which most were anesthetized in MS-222 (tricaine 

methane sulfonate) and frozen for storage at -80°C. 

Protein Electrophoresis 

Horizontal starch gel techniques similar to those of May et al. (1979) were used to 

determine allozyme phenotypes from homogenates of skeletal muscle in two buffer 

systems: Amine Citrate (AC6.9) pH 6.9 as described by Clayton and Tretiak (1972), and 

Tris Citrate (TC8) pH 8.0 as described by Selander et al. (1971). Three enzyme systems 

(one monomeric, one dimeric, and one tetrameric), encoded by five presumptive gene 

loci, proved informative with two criteria: 1) the presence in the parents of diagnostic 

alleles (electromorphs) that allowed us to test for biparental inheritance and examine 

patterns of gene expression in the hybrids, and 2) loci that provided adequate enzymatic 

activity and electromorph resolution in the parents to allow us to detect dosage effects. 

Homogenates of tail and hind limb muscle tissue were examined from at least ten larvae 

from each interspecific cross for the enzymes ADA-1 (adenosine deaminase [enzyme 

commission number 3.5.4.4]), LDH-1 and LDH-2 (lactate dehydrogenase [enzyme 

commission number 1.1.1.27]), and MDH-1 and MDH-2 (malate dehydrogenase [enzyme 

commission number 1.1.1.37]) (International Union of Biochemistry, 1979). Samples of 

parental tissues were included on the gels as controls to verify parental bands in hybrids. 

Homogenates of five larvae from each intraspecific cross were analyzed for the LDH-1, 

LDH-2, MDH-1, and MDH-2 loci. 

Alleles at each allozyme locus were coded by their relative mobility following the 

nomenclature of Shaklee et al. (1990). The most common allele in the Illinois A. 

texanum was used as the reference or 100 allele at each locus, and the electrophoretic 

mobilities of other alleles are reported as percentages of this allele. 

RESULTS AND DISCUSSION 

Hybrid Viability 
Survival of the hybrids was higher (Table 1) compared to the same interspecific crosses 

reported by Brandon (1977). Brandon had commented that the A. texanum ova appeared 

to be "overripe." Even in the present crosses, embryos derived from A. tigrinum ova 

survived better than those derived from A. texanum ova; eighty percent of the 99 A. 

tigrinum eggs inseminated by A. texanum sperm developed to hatching. Reciprocal 

crosses involving two different A. texanum females and the same A. tigrinum male 

experienced significantly higher hybrid mortality (32 and 43 percent, respectively). 

Thus, the same relative nuclear combination in the interspecific hybrids (one A. texanum 

haplotype and one A. tigrinum haplotype) seems to have produced different degrees of 

embryonic mortality depending on the source of the egg. It is unclear, however, whether 

this was due to developmental differences in the interactions between the egg cytoplasm 

of each species and a hybrid nucleus (as has been described in other hybrid amphibians 
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[Elinson, 1977]) or, more simply, difficulty in handling A. texanum eggs. All crosses 

involving A. texanum females (including intraspecific controls) produced higher offspring 

mortality than did either interspecific or intraspecific crosses involving the A. tigrinum 

female. The eggs of gravid A. texanum females appear to become overripe quickly when 

females are held in captivity and their eggs seem more easily damaged during handling. 

Electrophoretic Patterns 

The genotypes of the parents at five allozyme loci are presented in Table 2. All 

electrophoretic patterns in the parents conform with the phenotypes expected from 

diploid organisms, based on the known quaternary structure of each allozyme and a 

codominant pattern of inheritance (Utter et al. 1987). Allozyme phenotypes of the 

hybrids at all loci other than MDH-2 also indicate diploidy although none of the hybrids 

was karyotyped. Following is a discussion of allozyme patterns of these five loci in the 

hybrids. 

ADA-1 Patterns 

ADA is a monomeric protein. Heterozygotes should show a two-banded phenotype, with 

each band equally intense. This pattern was observed in the hybrids of both tex/tig 

crosses. Figure 1 shows results of the Ktex/tig cross. All hybrids are 86/100 

heterozygotes, showing maternal and paternal bands of equal intensity. A similar pattern 

was seen at a slower locus (ADA-2) on the same gels. The second locus was not scored 

because of poor resolution of the bands and does not appear on Figure 1. This cross 

confirms the heritability of ADA-1, which is important for our study of allozyme 

variation in the A. texanum complex where we use ADA-1 to detect gene flow between 

A. texanum and A. barbouri in an area of sympatry in western Kentucky. ADA was not 

examined in the reciprocal tig/tex hybrids. The tig female was a 68/75 heterozygote and 

hybrids would be expected to show a 1:1 Mendelian ratio of 68/100 and 75/100 

phenotypes. 

LDH Patterns 

LDH is a tetrameric protein containing four polypeptide subunits. Two LDH loci were 

expressed clearly in muscle tissue of both A. texanum and A. tigrinum. Typical LDH 

patterns for each species are shown in lanes 1 (texanum) and 2 (tigrinum) of Figure 2. 

The fastest and slowest band in each lane represent the products of the two different LDH 

coding genes, LDH-1 and LDH-2, respectively. Three bands with intermediate mobilities 

are seen that represent heterotetrameric proteins (combinations of the polypeptide 

subunits produced by the two LDH loci). The A. texanum and A. tigrinum have a fixed 

difference at both loci, although the LDH-2 electromorph mobilities differ by a maximum 

of 1.5 mm under our electrophoretic conditions. LDH patterns typical of the tig/tex and 

tex/tig F, hybrids are shown in lanes 3-15 of Figure 2. The hybrids are heterozygous at 

both LDH loci. 

Since the protein products of the two LDH loci interact in the parents to produce 

heterotetrameric bands, heterotetrameric proteins should be produced between each of the 

four homotetrameric products of the four alleles (LDH-1(100), LDH-1(78), LDH-2(100), 

LDH-2(82)) present in the hybrid offspring. If this were true, 22 distinct electromorphic 

bands (4 homotetrameric and 18 heterotetrameric) would appear on an ideal 

electrophoretic gel, as is illustrated in Figure 3. In our electrophoretic runs the maximum 
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difference in migration between electromorphs of LDH-1 and LDH-2 was 24 mm. 
Considering the proximity of the predicted bands and the intensity differences associated 
with heteromeric bands, there apparently is considerable comigration and blurring of 
bands. For example, the set of five bands resulting from the interactions between the two 
LDH-2 alleles would be confined to 1.5 mm of gel space and would certainly appear as 
one large band, as seen in Fig. 2. We, therefore, consider the zymogram (Fig. 3) a 
reasonable interpretation of the LDH patterns seen in the hybrids. 

The interpretation of the LDH patterns is further complicated by a difference in the 
staining intensity of the products of the two loci, with LDH-2 electromorphs staining 
darker. We have observed similar patterns in LDH from muscle tissue of A. barbouri, A. 
jeffersonianum, and A . texanum/A . jeffersonianum F! hybrids (Week and Brandon, 
unpublished data) and in published photographs of LDH of other Ambystoma (Bogart, 
1982). During the initial electrophoretic screening of the parents in this study, LDH from 
heart and liver tissue, as well as skeletal muscle, were examined with both AC 6.9 and 
TC 8.0 buffer systems. More intense staining of LDH-2 was observed with muscle and 
liver tissue homogenates in both buffer systems. The AC 6.9 buffers provided superior 
resolution and electromorph separation. LDH from heart tissue, however, produced 
LDH-1 and LDH-2 electromorphs of equal staining intensity on AC 6.9 gels but more 
intense staining of LDH-1 electromorphs on TC 8.0 gels. It appears that the LDH-1 locus 
is expressed more strongly in muscle and liver tissue of Ambystoma, and optimal 
resolution of both LDH-1 and LHD-2 allozymes can be obtained by using heart tissue 
homogenates with the AC 6.9 buffer system. 

MDH Patterns 
MDH is a dimeric protein. Two MDH loci are clearly expressed in muscle tissue of A. 
texanum and A. tigrinum (Figs. 4, 5). A third locus produced weak cathodal bands in 
some individuals. On all gels, MDH-1 electromorphs stained more intensely than MDH- 
2 electromorphs did. This difference in staining intensity was consistent with patterns we 
have seen in A. barbouri and A. jeffersonianum. 

MDH-1. The ILtex/tig (Figure 5a) and tig/tex crosses both involved parents homozygous 
for either the MDH-1(100) or MDH-1(58) alleles. In both crosses, all hybrids were 
58/100 heterozygotes at MDH-1 and all showed the three-banded phenotype with the 
staining intensity of 1:2:1 (homodimeric: heterodimeric: homodimeric expected for a 
heterozygous individual at a dimeric allozyme locus [Utter et al. 1987]). A similar 
pattern would be expected in the cross between the Ktex female and the ILtex male, 
although MDH was not examined in the offspring from this cross. 

MDH-2. The A. tigrinum male was heterozygous at the MDH-2 locus (30/80), and 
crosses involving this male provided the opportunity to test the Mendelian segregation of 
the MDH-2(30) and MDH-2(80) alleles. MDH was examined in five offspring from the 
tig/tig control cross (80/80 X 30/80) revealing two 80/80 homozygotes and three 30/80 
heterozygotes (Fig. 4). A chi square calculation shows no significant deviation from the 
expected 1 80/80: 1 30/80 ratio (X2 = 0.20, p = > 80%). The expected 1:2:1 staining 
intensity of the electromorphs also was observed. 
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MDH-2 patterns in three interspecific crosses were examined. Twenty hybrids from 

the tig/tex cross (100/100 X 80/80) all appear to be 100/80 heterozygotes at MDH-2. The 

MDH-2(100) and MDH-2(80) electromorphs were separated by only 1 mm on the gels 

and the three electromorphic bands produced by the hybrids were confined to this space, 

forming one large fuzzy band. Reciprocal crosses (tex/tig) produced weak MDH activity 

with unexpected patterns. Thirteen ILtex/tig and 13 Ktex/tig hybrids were analyzed 

(Figs. 5a, 5b). In both crosses, the MDH-2 alleles segregated in a Mendelian fashion 

(Table 3); however, the paternal electromorphs (tigrinum) were absent or were much 

weaker than either the maternal (texanum) or heterodimeric bands. The presence of the 

heterodimeric bands indicates that the paternal MDH-2 genes were expressed in the 

hybrids, but it is unclear why the allozyme products of these genes produced weaker 

electromorphs. MDH-2 in the tex/tig hybrids showed a pattern that would be expected in 

triploids. Dosage effects are predicted in triploid individuals where maternal:paternal 

allelic ratios are 2:1 (Seeb et al., 1988). MDH allozyme dosages have been found to 

correlate with the known ploidy level in Ambystoma jeffersonianum complex 

salamanders (Bogart, 1982; Bogart et al., 1989) and, in each case, both MDH-1 and 

MDH-2 patterns reflected the ploidy level of the individual. Alternatively, the hybrids 

may appear to be triploid because the maternal MDH-2 is expressed more strongly than 

paternal MDH-2. Wright (1975) reported expression of only maternal allozyme genes in 

early embryos (through neurula) of hybrids between Rana pipiens complex frogs, but 

paternal allozymes were expressed by the operculum development stage. Our hybrid 

larvae were relatively small (3-4 cm) when examined but well beyond limb formation. 

Ploidy of the hybrids remains to be confirmed by karyology. 
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Table 1. Results of laboratory crosses involving Ambystoma texanum and A. tigrinum 

* Indicates data from Brandon (1977) for comparison. 

Cross 

(f/m) 

Number of Eggs 

Inseminated Damaged 

% 

Hatched Remarks 

tig/ILtex 99 0 80 20% mortality during 

gastrula and neurula 

ILtex/tig 57 3 32 68% embryonic mortality; 

1 egg unfertilized 

Ktex/tig 71 3 43 57% mortality during 

gastrula; 1 egg unfertilized 

tig/tig 84 0 77 23% mortality during 

gastrula; a few survivors 

deformed 

ILtex/ILtex 33 2 52 48% mortality during 

gastrula; a few survivors 

abnormal, 2 eggs 

unfertilized 

Ktex/ILtex 59 6 74 26% embryonic mortality; 

2 eggs unfertilized 

tig/ILtex* 27 0 23 many abnormal 

ILtex/tig* 108 ? 3 5 reached neurula; none fed 

tig/tig* 21 0 2 4 died as gastrulae, 8 as 

neurulae, 7 died later 

Iltex/ILtex* 57 57 0 none survived cleavage 
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Table 2. Allozyme genotypes of the parents at five loci. 

Specimen (sex) 

Locus 

ADA-1 LDH-1 LDH-2 MDH-1 MDH-2 

ILtex (F-l) 100/100 100/100 100/100 100/100 100/100 
ILtex (F-2) 100/100 100/100 100/100 100/100 100/100 
ILtex (M) 100/100 100/100 100/100 100/100 100/100 
Ktex (F) 100/100 100/100 100/100 58/58 100/100 

tig (F) 68/75 78/78 82/82 58/58 80/80 

tig (M) 68/68 78/78 82/82 58/58 30/80 

Table 3. Observed and expected MDH-2 genotype frequencies for the ILtex/tig cross 

(100/100 x 30/80) and the Ktex/tig cross (100/100 x 30/80). 

Genotype 

ILtex/tig (n = 141 

Observed Expected 

Ktex/tig In 

Observed 
= 13) 

Expected 

30/100 42.9% 50% 53.8% 50% 

80/100 57.1% 50% 46.2% 50% 
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Figure 1. ADA-1 phenotypes of an A. texanum female (lane 1, genotype 100/100), an A. 

tigrinum male (lane 2, genotype 68/68) and 13 of their Fj hybrids (lanes 3-15). 

All hybrids are 68/100 heterozygotes. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Figure 2. LDH phenotypes of an A. texanum female (lane 1), an A. tigrinum male (lane 

2) and 13 of their hybrids (lanes 3-15). A diagrammatic interpretation of 

these phenotypes is shown in Figure 3. 

# 

LDH-I(IOO) 

LDH-1(78) 

LDH-2(100) 
LDH-2(82) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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Figure 3. Zymogram of the LDH allozyme phenotypes expected in an F, hybrid (lane 3) 

between the Ambystoma texanum female (lane 1) and the A. tigrinum male 

(lane 2). The LDH-1 (100) allele produces subunit B, the LDH-1 (78) allele 

produces subunit b, the LDH-2 (100) allele produces subunit A, and the LDH-2 

(82) allele produces subunit a. The expected hybrid phenotype contains 22 

electromorphs representing all possible tetrameric combinations of the 4 

subunits. 
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Figure 4. MDH phenotypes for an A. tigrinum female (lane 1), an A. tigrinum male (lane 

2), and 5 of their Fj offspring (lanes 3-7). All individuals are homozygous for 

MDH-1. The male is heterozygous at MDH-2, as are the offspring in lanes 5-7. 

I 

1 2 3 4 5 6 7 
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Figure 5. MDH phenotypes from the ILtex/tig cross (A) and Ktex/tig cross (B). Females 

are in lane 1, males in lane 2, followed by Ft hybrids. MDH-1 (more anodal) 

shows more intense staining activity. Paternal bands at MDH-2 show reduced 

activity or may be absent. MDH-3 is evident in the tig male and in the Ktex 

female. 

MDH-3 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

A 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

B 
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BOOK REVIEW 

Mohlenbrock, Robert H. Sedges: Carex. 1999. xvi + 329 pages; dichotomous keys; 

descriptions; illustrations; distribution maps; glossary; literature cited; species index. 

Southern Illinois University Press, Carbondale and Edwardsville, Illinois. Cloth. Price: 

US$59.95. Available from the Southern Illinois University Press, P.O. Box 3697, 

Carbondale, IL 62902-3697. 

Sedges: Carex is a recent release in the Illustrated Flora of Illinois series and completes a 

set of six volumes treating the monocots. The other five volumes, by the same author 

deal with monocot forbs (1970), rushes (1970), grasses (1972, 1973), and non-Carex 

sedges (1976). 

The identification of species of Carex is a difficult task to say the least; however, to this 

end the author has provided an outstanding manual that will greatly enhance the users' 

chances of accurately identifying species of Carex occurring in Illinois. The dichotomous 

keys are effective. The first key is to 13 genera of Cyperaceae in Illinois. This key will 

be very helpful to beginning students of the family. The second key, actually a set of 

keys, is to the species of Carex treated in the manual by way of five species and 15 

groups. Subsequently, each group has its own dichotomous key to the species compris¬ 

ing the group. There are 159 species covered, of which five species are considered 

varieties, and for three species, two varieties are recognized. Hence, the author places a 

total of 162 taxa in Illinois' Carex flora. 

A commendable feature of the manual is the user's ability to move quickly from the 

dichotomous keys to descriptions and illustrations which are numerically arranged. This 

is possible because each species is assigned a unique number in the keys and that number 

will lead the user directly to its description and illustrations. The descriptions of the spe¬ 

cies and information on their habitats, ranges, and distributions in Illinois with dot maps 

are excellent. Also, students of Carex will appreciate the bibliographic documentation 

for each species and variety, as well as for the synonyms listed. The illustrations by Paul 

Nelson are superb. All species are illustrated consistently by line drawings of the whole 

plant and other important diagnostic structures (e.g., pistillate scale, perigynium, and ach- 

ene). However, the illustration on page 282 is apparently superfluous. 

Mohlenbrock's manual for Illinois Carex is highly recommended for all college and uni¬ 

versity libraries in Illinois. Furthermore, it needs to be added to the personal libraries of 

those doing serious floristic, plant ecologic, or plant restorational works, especially in 

wetland habitats, in Illinois and neighboring states. 

Reviewers: James R. Rastorfer, Chicago State University, Chicago, IL 60628 and Judith B. Rastor- 

fer, Rich South High School, Richton Park, IL 60471. 
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Student Research Grant Awards 
April 1999 Awards 

M. Rebecca Anderson 
Illinois State University 

Conservation Genetics of Panax quinquefolius, American Ginseng 

Monique Baumel 
Loyola University 

Olmec Agriculture in Mexico: A Palynological Perspective 

Jennifer A. Riser 
Illinois State University 

The Effects of Environmental Pollutants on Immunocompetence and 
Reproductive Success in Deer Mice 

Matthew John Camaioni 
Illinois State University 

Germline and Fitness Effects of Environmental Contaminants on Wild Deer Mice 

D. Christine Cargill 
Southern Illinois University - Carbondale 

The Fossombronia foveolata Linb. Complex: Reinvestigation of Spore Characters 

Dawn E. Henderson 
Southern Illinois University - Edwardsville 

Demography of a Floodplain Forest Community 

Michael H. Huhndorf 
Illinois State University 

Phylogeography of the African Wood mouse, Hylomyscus denniae: A Test of the 
East Central African Refugium Hypothesis 

Kurt D. Januszyk 
Northern Illinois University 

Effect of Ionizing Radiation on Signal Transduction in 
Apoptosis-related Pathways 

Angel R. Maden 
Southern Illinois University - Carbondale 

Spermatogenesis in Diphasiastrum digitatum (Dillenius ex Braun) Holub 

Shad Malady 
Eastern Illinois University 

Is There a Cost to Photosynthesis and/or Seed-set of Zea mays Hybrids with 
Transgenic Resistance to Ostrinia nubilialis? 
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For information on Research Grant Applications (due in April and October) contact: 

Dr. Paul Sorensen 

Department of Biological Sciences 

Northern Illinois University 

DeKalb, IL 60115-2861 

(voice) 815/753-7848, (fax) 815/753-0461, (email) psorensen@niu.edu 

Student Presentations 
1999 Annual Meeting Awards 

Botany Division 
1st Place 

Dayle E. Saar 
Northern Illinois University 

An Interdisciplinary Study of the Genus Dahlia (Asteraceae) 

2nd Plarp 

Kelly Victory 
Southern Illinois University - Edwardsville 

Predictive Modeling of Boltonia decurrens Habitat Using GIS 

Health Sciences Division 
1st Place 

Paul Krasucki 
Southern Illinois University - Edwardsville 

An Ultrastructural Study of Local Strains of Borrelia burgdorferi 
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Future Annual Meetings 
April 7 & 8,2000 

Augustana College 

Friday. April 7. 2000 

Registration: 7:30am - 4:00pm, Lobby of New Science Building 

Concurrent Paper Sessions: 9:30am - 12:00pm & 1:45 - 4:15pm, New Science Building 

ISAS Luncheon & Business Meeting: 12:00 - 1:30pm, College Center Loft 

ISAS Poster Session: 5:00 - 6:00pm, Quad Cities Botanical Center Lobby 

ISAS Banquet: 6:15 - 7:30pm, Quad Cities Botanical Center 

Keynote Address: 7:45 - 8:45pm, Quad Cities Botanical Center 

Saturday. April 8. 2000 

Registration: 7:30 - 10:30am, Lobby of New Science Building 

Concurrent Paper Sessions: 8:00am - 12:15pm 

For more information contact: 

Kevin Geedey 

Augustana College 

bigeedey @ augustana.edu 

Western Illinois University 

Academy's Web Address 
www.il-st-acad-sci.org 
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ABSTRACT 

Chloroplast number and appearance of orange (vao), blending (vab) and green (vag) 

variegation mutants and golden (g), virescent (vr) and yellow (y) leaf pigmentation 

mutants of Collinsia heterophylla Buist. (2N=14) are compared. Descriptions of pheno¬ 

types and survival potentials of the double homozygous recessives of the leaf pigmenta¬ 

tion mutants and double homozygotes of green variegation (vag) and leaf pigmentation 

mutants are presented. 

INTRODUCTION 

In Collinsia heterophylla Buist. (Scrophulariaceae) four variegation types (all controlled 

by recessive nuclear genes and all transferable to offspring through male and female 

gametes) have been reported: (1) orange (vao), with pure orange or orange and green 

sectored leaves; (2) blending (vab), with leaves having yellow-green and green sectors 

with blending boundaries; (3) green (vag), with light-green and green sectored leaves 

and; (4) white variegation (v^vv), with white and green sectored leaves (Gorsic and 

Kirby, 1996; Gorsic 1998). 

The recessive alleles of the blending (vab) and green (vag) variegation loci are reversible 

(Delool and Tilney-Basset, 1986). The multiple allelic vao locus of orange variegation 

mutant comprises both, the reversible (vaoR and vaosR) alleles, producing green sectors in 

orange leaves, and three non-reversible (stable) alleles: (1) vao, producing pure orange 

leaves; (2) vao8, producing green cotyledons at emergence (instead of orange) and orange 

leaves and; (3) vaoa, producing orange leaves with white (alba) basal and marginal parts 

of the blade (Gorsic 1998). 

Chlorophyll configuration of the orange variegation mutant (vao) has been described by 

Gorsic and Kirby, 1996. Chloroplast number and features of blending (vab) and green 

(vag) variegation mutants, and golden (g, Hiorth 1933), virescent (vr) and yellow (y, 

Gorsic 1994) leaf pigmentation mutants are reported below. 
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Phenotypic expression and viability of the double homozygous recessive genotypes in¬ 

volving vao, vab and y genes (Gorsic and Kirby, 1996) and the appearance and survival 

of double homozygotes involving vao, vab, and vag genes were previously reported 

(Gorsic 1998). 

The appearance and survival of double homozygous recessive genotypes involving the 

green variegation gene (vag) and g, vr, and y leaf pigmentation genes are discussed in this 

report. 

MATERIALS AND METHODS 

Dry seeds of the 1995-97 Collinsia cultures, raised by the author in a greenhouse, were 

kept at -5° C for two days and then planted in 3 1/2 inch pots (8 seeds per pot) containing 

a mixture of commercial potting soil and vermiculite (3 to 1 by volume), and fertilized 

once every two weeks with a solution of one teaspoonful of 15-30-15 fertilizer in one 

gallon of water. 

Stomatal guard cells of leaves' lower epidermis were examined under 440X magnifica¬ 

tion to establish the number and appearance of chloroplasts. 

OBSERVATIONS 

Chloroplast Number and Appearance 

The most common chloroplast number in stomatal guard cells of the wild-type C. hetero- 

phylla plants falls between 10 and 14. The average number of chloroplasts per guard cell 

of green and orange sectors of leaves of the orange variegation mutants (vao) were 

reported to be 12.1 and 3.9 respectively (Gorsic and Kirby, 1996). Chloroplasts of 

orange sectors were smaller and lighter green than those of green sectors. 

In orange leaves and in orange parts of the orange variegation (vao8) and alba mutants 

(vaoa), the chloroplasts were usually slightly deformed but otherwise the same as in the 

orange variegation (vao) described above. The guard cells and mesophyll cells in all 

white parts of alba mutants (vaoa) were devoid of chloroplasts (occasionally, a cell 

showed up having 3-6 tiny, light-green chloroplasts). 

The observation that some guard cells of any of the orange variegation plants had the 

wild type number of chloroplasts, suggests that all individuals homo- or hetero-zygous 

for any of the recessive vao alleles (vao/vao, vaoa/vaoa, vao/vaoa, vao8/vao8, vao/vao8, 

vaoVvao8; Gorsic 1998) may have the same (wild type) number of proplastids in their 

potential chlorophyllous cells, but, in general, less than half of plastids complete the 

development into chloroplasts. 

Chloroplasts of the guard cells in yellow-green sectors of the blending variegation 

mutants (vab) appeared normal in some cells, but in most cells they appeared pale green, 

broken up and shriveled, without sharp boundaries, so that a characteristic number per 

cell could not be ascertained. Chloroplasts seem to have been subjected to some kind of 

degradation process as reflected in a gradual expansion of the yellow-green areas and 

decrease of the green areas in leaves higher up the stem (Gorsic and Kirby, 1996). 
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The number and appearance of chloroplasts in the guard cells of light green areas of 

leaves of green variegation mutants (vag) were the same as in guard cells of the green 
sectors, that is, the wild type. 

In golden (g) mutants (Hiorth 1933) characterized by golden coloration of young cotyle¬ 

dons and leaves, both turning nearly wild type green as they mature. The chloroplasts of 

guard cells appeared light green and slightly distorted (not oval) but wild type in number, 

suggesting that the golden gene (g) may be involved in control of synthesis of chloro¬ 

phylls as well as in chloroplast formation of young cotyledons and leaves. 

Chloroplasts (averaging 11 per guard cell) of pale yellow cotyledons of the virescent 

mutant (vr, Gorsic 1994) were slightly deformed and faint green turning (in 4 weeks) 

green (simulating the chloroplasts of leaves of virescent plants that are wild-type green at 

emergence). 

The yellow (y) variant, which originated as a somatic mutation (Gorsic 1994), exhibiting 

yellow cotyledons and leaves throughout the plant life, had in their guard cells the wild- 

type number of chloroplasts of light green color and somewhat deformed shape. 

Phenotypes and Survivalship of Double Homozygous Recessives 

Double homozygous recessive genotypes of leaf pigmentation mutants (g/g vr/vr, g/g y/y 

and vr/vr y/y) produced albino-like seedlings that died in the cotyledonous stage. 

The double homozygous recessive genotypes involving non-reversible orange variegation 

(vao, vao8 or vaoa) gene and any of the leaf pigmentation genes (g, vr, or y) produced 

albino-like cotyledon lethal seedlings, whereas the double homozygous recessives with a 

reverted orange variegation gene (vaoR or vaogR) and g, vr, or y gene, produced viable 

plants: (1) vao/vaoR g/g (or vao/vaogR g/g), had golden and light yellow sectored young 

leaves and green and light green sectored mature leaves; (2) vao/vaoR vr/vr (or vao/vaogR 

vr/vr), had bright yellow and white sectored cotyledons and orange and green sectored 

leaves; and (3) vao/vaoR y/y (or vao/vaogR y/y), had yellow and light yellow or white sec¬ 

tored cotyledons and leaves. 

The survivalship of these double homozygotes depended on the degree (high vs. low 

frequency) and time of occurrence (in early vs. late embryonic stage) of vao or vao8 gene 

reversion. The higher the frequency and the earlier in embryonic development the vao or 

vao8 gene reversions occurred, the larger were the areas of leaves with photosynthetic 

capability and the higher was the survivalship of plants. Conversely, the lower the fre¬ 

quency and the later in the embryonic development the vao or vao8 gene reversions 

occurred, the smaller were the leaf areas with photosynthetic capability, and the lower the 

survivalship of seedlings. 

The double homozygous recessives for the blending variegation gene (vab) and one of 

the leaf pigmentation genes (g, vr, or y) produced plants having mature leaves with 

blending sectors as follows: (1) vab/vabR g/g, light golden and green, (2) vab/vabR vr/vr, 

pale to light green and green, and (3) vab/vabR y/y, pale yellow to white and yellow. 
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The double homozygous recessives for the green variegation gene (vag) and any of the 

leaf pigmentation genes (g, vr, or y) produced leaves having sharp borders between color 

sectors as follows: (1) vag/vagR g/g, light golden and green, (2) vag/vagR vr/vr, light 

green and dark green, and (3) vag/vagR y/y, pale-yellow to white and yellow. 

The survivalship of seedlings of the double homozygotes of vab or vag and one of the 

leaf pigmentation genes (g, vr, or y) depended on the frequency and the embryonic stage 

(early vs. late) of the occurrence of vab and vag gene reversions respectively (see above: 

vao and vao8 gene reversion vs. survivalship). 

Because plants of the blending (vab/vab) and green (vag/vag) variegation mutants always 

carry both the nonreverted (vab, vag) and reverted (vabR, vagR) genes, no albino-like 

cotyledon lethals were observed among their double recessives involving g, vr, or y genes 

(in contrast to doubble recessives involving vao or vao8 and g, vr, ory - see above). 

SUMMARY 

The chloroplasts in the guard cells of orange sectors of leaves of orange variegations (vao 

and vao8) and in the orange sectors of leaves of alba mutants (vaoa) are light-green, usu¬ 

ally somewhat deformed, smaller and their number is reduced to about half of the wild- 

type. The guard cells of white areas of alba plants are devoid of chloroplasts. 

In yellow-green sectors of leaves of the blending variegation mutants (vab) the pale green 

chloroplasts of most cells appear broken up and shriveled; therefore a typical number per 

guard cell could not be ascertained. 

The number, shape and color of chloroplasts of the light green and green sectors of leaves 

of the green variegation mutants (vag) could not be distinguished. 

Chloroplasts of guard cells of golden (g), virescent (vr, cotyledons only) and yellow (y) 

leaf pigmentation mutants appear lighter green, somewhat smaller, and slightly deformed 

(not uniformly oval), but their number per cell is the same as in the wild-type. 

Double homozygous recessive plants of leaf pigmentation mutants (g/g vr/vr, g/g y/y, 

vr/vr y/y) were all albino-like and cotyledon lethal. 

Double homozygous recessives for the non-reversible orange variegation (vao or vao8) 

gene and any leaf pigmentation gene (g, vr, or y) were all albino-like and died in cotyle- 

donous stage. But the double homozygous recessives of the reversible orange variegation 

(vaoR or vaogR) gene and any of the leaf pigmentation genes (g, vr, or y) were viable. In 

these plants the green (or light green) to light green (or light yellow to white) areas of 

their leaves, as well as their survivalship, were directly proportional to the frequency 

(high vs. low) and the time of occurrence (early vs. late embryonic stage) of vao and vao8 

gene reversions. 

The double homozygous recessives involving blending (vab) and green (vag) variegation 

genes (both being reversible) and any of the leaf pigmentation genes (g, vr, or y) pro¬ 

duced only viable plants (no cotyledon lethal albinos), having leaves with the proportion 
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of green to golden, virescent (cotyledons only), or yellow coloration respectively, as well 

as the survivalship directly proportional to the frequency and the embryonic stage (early 

vs. late) of occurrence of the respective vab and vag gene reversions. 
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ABSTRACT 

A partial survey of the herbaceous wild flowers in Horner Park (Lebanon, IL.) revealed 

the presence of 74 species in 66 genera found in 32 families. Several individuals of 

Allium canadense L. were found to have irregular flowers. These unusual individuals 

displayed the presence of an extra tepal and of stamen of uneven length. The woods of 

Horner Park may serve as a useful refugium for wild flowers. 

INTRODUCTION 

Horner Park is a town park of Lebanon, IL (St. Clair County) located at the north end of 

the town. It includes roughly ten hectares of forest remnants which were found to have 

several species of flowering herbaceous plants. The forest is a mix of oak-hickory-maple 

similar to those described by King (1984), with ravines of under twenty meters in depth 

formed by streams. This park is north of Silver Lake, a local wetlands conservation area, 

and a stream from the park flows into the lake. Since St. Clair County has been losing 

forest area for the last twenty years (Iverson, 1994), and the wooded areas of Horner Park 

has been set aside from development, it was thought to be worthwhile to begin to docu¬ 

ment the species of herbaceous plants present in these woods at this time. 

Horner Park has woods along its eastern boundary which continue to wrap about the 

south end of the park and continue on to the southwest side of the park. The western side 

of the park is open to agricultural fields. The center of the park has a system of ponds 

bordered by picnic and athletic areas. The following is a brief description of the subsec¬ 

tions of the wooded areas in the park. 

The north east side of the park has a strip of woods of at least 100 meters width parallel 

to a stream. The park's sole maintained wooded trail, the Trillium Trail, runs through this 

area. There is a shallow ravine which runs parallel to the stream. The western side of 

this strip forms a small hillock which ends towards the south with an area that is season¬ 

ally flooded. Due to the presence of the trail, and its proximity to the park entrance, this 

area is regularly visited by hikers. 

The stream continues down to the south east side of the park. This area begins with the 

flat seasonally flooded area just past the hillock and continues past a ridge to meet a 

stream that boarders an agricultural field past the south end of the park. This area has 
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dense understory growth and fewer tall canopy trees. Due to its marshy nature it is less 

often visited by hikers. 

The southern most part of the park has a ridge that separates the park from an agricultural 

field. Here the woods are approximately 100 meters across and are on a steep slope 

which goes down to the field. This ridge has a trail along the top of it and continues to 

the west to the main park maintenance shed. 

To the north of the above ridge there are two areas that are surrounded by the park access 

road. These areas are often subject to controlled burns in the early spring to remove 

understory growth and create a more open area for use by visitors. Many young saplings 

have been killed by these fires, but the burns precede significant spring herbaceous 

growth and so has slightly less impact on this later group. This area is the most disturbed 

wooded section of the park, but it still retains a closed canopy. 

The south west end of the park, past the maintenance shed and south from the baseball 

field and skeet shooting range, is the least disturbed section of woods in the park. The 

ridge line continues from the east and slopes down to a seasonally flooded area near to 

the stream that separates the park from agricultural fields. 

MATERIALS AND METHODS 

Initial observations and collections were made in 1995 and 1996. In 1997 the park was 

visited weekly for observation and collection from the spring into August. This work 

was limited mainly to flowering herbaceous species and a few shrubs, but excluded the 

grasses, sedges, and woody plants. Specimens were collected and keyed out to species 

using Gray's Manual of Botany (Fernald, 1950), Gleason and Cronquist (1991), and The 

Flora of North America (1997). Pressed specimens and related field notes including the 

location, character of the immediate area, and date of first flowering have been donated to 

the McKendree College Herbarium [McKendree College, Division of Science and 

Mathematics, 701 College Road, Lebanon, IL]. 

RESULTS AND DISCUSSION 

Specimens observed 
The herbs and shrubs observed are listed in table 1. This includes 74 species in 66 genera 

of 32 families. Species for which five or fewer individuals were observed in the park 

included: Anemonella thalictroides, Arisaema triphyllum, Camassia scilloides, Euony- 

mus atropurpureus, Muscari botryoides, Polygonatum biflorum, Uvularia grandiflora. 

Floral variation observed in individuals of Allium canadense 
The wild garlic, Allium canadense, showed some interesting variation in its flowers that 

was not mentioned by Gleason and Cronquist (1991). Whether the cause of this variation 

is environmental or genetic has not been determined. Pending such a study, initial details 

of this variation are given here. 

In several patches of wild garlic slight to extreme zygomorphic flowers were observed. 

These patches occurred in the region of the park that was surrounded by the access road 
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and subject to occasional burning. Amongst these individuals the coloration of the tepals 

was seen to vary from white to pink. The zygomorphic nature of some of these flowers 

was evident in individuals which had seven tepals, a four-lobed ovary, and which had 

seven stamen. The lengths of the tepals and of the stamen were also found to vary. The 

tepals of zygomorphic flowers were found to have two shorter and one longer tepal. Also 

the stamen of these zygomorphic flowers showed some variation in length, often having 

four longer and several shorter stamen. Interesting, this variation was found to occur 

side-by-side with plants that had the normal flower characters for this species. In one 

instance an individual was observed to have both actinomorphic and zygomorphic flow¬ 

ers. 

SUMMARY 

The woods associated with Horner Park are bordered by residential developments and 

agricultural lands. Upon examination it was found to be a habitat for 74 species of her¬ 

baceous wildflowers. The presence of individuals of wild garlic (Allium canadense) 

which possessed variable floral traits, including zygomorphism, was noted. These woods 

may play a role as a local refugium for wild flowers. 
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Table 1. Herbaceous wildflowers observed in Horner Park from 1995-1997. Arranged 

alphabetically by family, genus, and then by species according to Gleason and 

Cronquist (1991). 

Family Genus and Species 

Acanthaceae 

Apiaceae 

Ruellia strepens 

Chaerophyllum procumbens, Cryptotaenia canadensis, Daucus carota, 

Osmorhiza longistylis, Sanicula marilandica, Taenidia integerrima 

Araceae 

Asteraceae 

Arisaema triphyllum 

Erigeron annuus, Erigeron philadelphicus, Eupatorium dubium, 

Eupatorium rugosum, Helianthus hirsutus, Senecio glabellus, Solidago 

ulmifolia 

Balsaminaceae 

Berberidaceae 

Brassicaceae 

Campanulaceae 

Impatiens capensis 

Podophyllum peltatum 

Arabis laevigata, Capsella bursa-pastoris, Cardamine concatenata 

Triodanis perfoliata 

Caprifoliaceae Lonicera periclymenum, Lonicera xylosteum, Viburnum nudum 

Caryophyllaceae Silene stellata 

Celastraceae Euonymus atropurpureus 

Commelinaceae 

Fabaceae 

Fumariaceae 

Geraniaceae 

Lamiaceae 

Commelina communis, Tradescantia virginiana 

Desmodium nudiflorum 

Dicentra cucullaria 

Geranium maculatum 

Blephilia hirsuta, Lamium maculatum, Mentha avensis, 

Scutellaria elliptica, Teucrium canadense 

Liliaceae Allium canadense, Camassia scilloides, Erythronium albidum, Hem- 

erocallis fulva, Muscari botryoides, Ornithogalum umbellatum, Poly- 

gonatum biflorum, Smilacina racemosa, Trillium recurvatum, Uvularia 

grandiflora 

Onagraceae 

Oxalidaceae 

Papaveraceae 

Phytolaccaceae 

Polemoniaceae 

Polygonaceae 

Portulacaceae 

Ranunculaceae 

Circaea lutetiana 

Oxalis stricta, Oxalis violacea 

Sanguinaria canadensis 

Phytolacca americana 

Phlox divaricata, Polemonium reptans 

Polygonum persicaria. Polygonum virginiana 

Claytonia virginica 

Anemonella thalictroides, Delphinium tricorne. Ranunculus hispidus. 

Ranunculus micranthus, Ranunculus recurvatus 

Rosaceae Geum canadense, Rosa multiflora, Rubus laciniatus 

Rubiaceae Galium aparine, Galium circaezans 

Scrophulariaceae Penstemon pallidus, Verbascum thapsus, Veronica peregrina 

Solanaceae Solanum nigrum 

Verbenaceae 

Violaceae 

Vitaceae 

Phryma leptostachya 

Viola pubescens, Viola soroia 

Vitis rupestris 
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ABSTRACT 

The woody and ground layer vegetation was sampled in 40 0.04 ha permanent plots in 

pine plantations (n = 20) and native pine stands (n = 20) in southwestern Illinois. Planta¬ 

tions had significantly higher tree basal area and density, sapling density, and dead 

standing basal area and density than native stands. Native stands had significantly higher 

seedling density. There was no difference in ground layer cover or species richness 

between the plantations and native stands. Plantations were characterized by an over¬ 

story of Pinus echinata, sapling and seedling strata of mesophytic, shade-tolerant woody 

species, and ground layer dominated by Toxicodendron radicans. Native stands were 

characterized by a mixed pine-xeric oak overstory, sapling stratum of Quercus velutina 

and Q. marilandica, and a seedling and ground layer strata of Vaccinium pallidum. 

Dominance-diversity curves show that few species dominate the vegetation in each stand 

and that most species found were rare and had low abundances. Diversity indices indi¬ 

cate that pine plantations are less diverse than native stands, though they may contain 

higher numbers of species. Both plantations and native stands are being succeeded by 

broadleaf, deciduous species and intensive management, from either canopy thinning or 

prescribed fire will probably be necessary for these pine-dominated stands to be main¬ 

tained in Illinois. 

INTRODUCTION 

Shortleaf pine {Pinus echinata Mill.) was planted in southern Illinois in response to large 

scale land abandonment. Poor farming practices which led to topsoil erosion was the 

primary cause for abandonment (Chapman 1937). Southern Illinois is the northwestern 

limit in the central hardwood region for P. echinata. Pine Hills in Union County and 

Piney Creek in Randolph County represent the only two areas with naturally occurring 

stands in Illinois before European settlement (Weber 1959, Schwegman et al. 1973, 

Mohlenbrock 1986, Herkert 1991). 

Extensive work was done on throughfall and stemflow of precipitation, glaze and ice 

damage, and productivity under different spacing regimes in Pinus echinata plantations 

in southern Illinois (Boggess and McMillan 1954, Boggess 1956, Boggess and Gilmore 

1963). Boggess and Gilmore (1963) found that basal area of pine increased in response 
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to thinning. Shortleaf pine responded favorably to being planted even though southern 

Illinois is its northern range limit. Gilmore and Gregory (1974) found that Illinois short- 

leaf pine plantations growth rate falls below that expected of the species within its range 

as the stands grow older. Planted stands have also been found to have increased mortality 

and declining basal area growth according to a study on a twenty-nine year-old stand 

(Burkhart and Gilmore 1967). Arnold and Boggess (1971) found that hardwood seedling 

density increased with thinning treatments. 

Pine Hills Research Natural Area (RNA) has had extensive floristic surveys performed by 

Mohlenbrock and Voigt (1965) and Poellot (1968). Native pine stands are described as 

having Pinus echinata and Carya texana as dominant canopy species (Mohlenbrock and 

Voigt 1965). Quercus and Carya spp. are listed as complementary canopy species. The 

sapling layer has been described as containing Vaccinium arboreum and Vaccinium pal¬ 

lidum (Mohlenbrock and Voigt 1965). Ashby and Kelting (1963) included pine stands in 

their black oak community, noting that they occur on steep south- and west-facing upper 

slopes. They included Rhododendron prinophyllum as a major constituent of the sapling 

layer. Poellot (1968) contradicted the findings of Ashby and Kelting (1963) by stating 

that well-developed pine stands had a depauperate sapling layer. 

The objectives of this study were to determine differences in the structure, composition, 

and diversity of woody and ground layer vegetation between native and planted Pinus 

echinata stands in southwestern Illinois. 

METHODS 

Study Areas 

Pine Hills RNA is located in Union County in southern Illinois. The area is located in the 

southern Ozark Hills physiographic division (Schwegman et al. 1973). Native Pinus 

echinata stands are found from the midslope to near the ridge tops, becoming more abun¬ 

dant near the top of the slope (Voigt and Mohlenbrock 1964). Planted pine stands were 

located within the same Ozark Hills region in Union and Alexander counties. The region 

is characterized by steep ravines with white oak (Quercus alba) and black oak (Quercus 

velutina) being codominants in the canopy. Dissected and exposed cherty and siliceous 

limestones of Devonian age occur on upland areas, while thick loess tops the ridge crests 

and covers some of the cherty, gravelly slopes (Schwegman et al. 1973). 

Soils in Pine Hills RNA are composed of the Goss Alford complex. Goss soils are well 

drained soils being moderately permeable, and are weathered from cherty limestone. 

Goss series soils are mesic typic paleudalfs (Miles et al. 1979). Alford soils are well 

drained, moderately permeable soil formed in loess. They are typic hapludalfs ( Miles et 

al. 1979). 

Planted stands were composed of a variety of soils including those in the Goss Alford 

complex. Also included were Haymond silt loam soils which are medium acid, moder¬ 

ately well drained soils. They are moderately permeable, have a moderately high avail¬ 

able moisture capacity, and are high in natural fertility (Parks and Fehrenbacher 1968). 

Muren soils were found in several stands on hillsides and ridges. These soils are found to 
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be moderately permeable, medium in natural fertility, medium to strongly acid, and have 

high available moisture capacity (Parks and Fehrenbacher 1968). 

Southern Illinois has a continental climate featuring hot summers and cold winters (Voigt 

and Mohlenbrock 1964). Precipitation averages approximately 116.8 cm and ranges 

from 81.3 to 177.0 cm. There are approximately 200 frost-free days usually ranging 

between 15 April to 15 October (Miles et al. 1979). 

Data Collection 

Twenty permanent 0.04 ha plots were sampled in ten native pine stands within Pine Hills 

RNA., and twenty permanent 0.04 ha plots were sampled in ten planted pine stands 

within the Ozark Hills region. Plot centers were randomly placed and two plots were 

sampled within each stand. Pine plantations were located by use of U.S. Forest Service 

compartment records at the Shawnee National Forest headquarters in Harrisburg, Illinois. 

Global Positioning System locations for all plots will be archived there in a final report. 

All trees > 6.5 cm diameter at breast height (dbh) were measured to the nearest 0.1 cm in 

each plot. Saplings < 6.5 cm dbh but > 2.5 cm diameter at ground level (dgl) were 

measured in a 0.004 ha nested subplot. Seedlings < 2.5 cm dgl were counted in a 0.004 

ha nested subplot. Ground layer species < 1.5 meters tall were sampled within the 0.04 

ha plot and were assigned a cover value according to modified Daubenmire cover classes 

(Daubenmire 1959, Abrams and Hulbert 1987): 1 = 0-1%, 2 = 2-5%, 3 = 6-25%, 4 = 26- 

50%, 5 = 51-75%, 6 = 76-95%, 7 = 96-100%. Midpoints of these cover classes were 

used in data analysis. Overstory canopy cover was measured using a spherical den- 

siometer (Lemmon 1956). The densiometer was leveled at plot center, and the reflection 

of foliage was tallied in the four cardinal directions with the use of a mask. An average 

value was then derived for total canopy coverage. 

Data Analysis 

Tree basal area and density were averaged for species and plot using SAS (SAS 1985). 

Basal area and density were relativized and summed to determine an importance value 

(IV20o) for each tree species. Sapling and seedling density were averaged by species and 

plot. Ground layer cover was averaged by species and plot, while frequency was tallied 

for each species by plot. One tailed t-tests were performed to determine significant (p < 

0.05) differences in woody and ground layer vegetation between native and planted pine 

stands. A Behrens-Fischer correction factor was used to decrease the inflated type I error 

rate associated with multiple t-tests (Zar 1999). Dominance-diversity curves were plotted 

to examine species abundance patterns within each stratum in each stand using Statmost 

for Windows. Diversity indices were calculated for woody (using IV200 for trees and 

density for saplings and seedlings) and ground layer (using percent cover) vegetation to 

quantify differences in species abundance and response between planted and native pine 

stands. The Shannon-Weiner diversity index was calculated using the formula 

H' = -^pj *Inpj, where pj is the decimal fraction of the species response measure (IV200, 

density, or cover) (Peet 1974). Equitability of species response was measured using 

Pielou’s index J' = H7S\ where S = the number of species (Pielou 1966). Hill’s family 

of diversity indices were also calculated and included N0 (number of species, N0 = S), N, 

(number of abundant species: N,=eH , and N2 (number of very abundant species, 

N2 = 1/A , where A is Simpson’s diversity index) (Ludwig and Reynolds 1988). 
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RESULTS 

Pine Plantations 
Tree basal area and density were 38.15 (± 5.73) m2/ha and 1061.3 (± 192.9) stems/ha for 

pine plantations, respectively (Table 1). Pinus echinata had the highest basal area (32.31 

± 6.2 m2/ha), density (605.0 ± 212.4 stems/ha), and importance values (141.7 out of 

200). The most important associated species were Liriodendron tulipifera, Fraxinus 

americana, Ulmus americana, and Acer saccharum (Table 1). A total of 27 woody 

species were identified in the tree stratum. Sapling density was 1437.5 (± 2145.8) 

stems/ha and was dominated by Liriodendron (787.5 ± 2104.6 stems/ha), Fagus (337.5 ± 

731.2 stems/ha), and Ulmus (237.5 ± 553.0 stems/ha). There were only 8 species identi¬ 

fied in the sapling stratum (Table 2). Seedling density was 1437.5 (± 1568.3) stems/ha 

and was dominated by Sassafras albidum (575.0 ± 1517.7 stems/ha), Ulmus (212.5 ± 

563.6 stems/ha), Liriodendron (175.0 ± 526.3 stems/ha), and Fagus (162.5 ± 317.0 

stems/ha). There were 13 woody species identified in the seedling stratum (Table 2). 

Average canopy cover was 92.5% ± 3.4%. 

Ground layer cover was 28.8 (± 24.2) % and the dominant ground layer species were 

Toxicodendron radicans (18.8 ± 25.2%), Parthenocissus quinquefolia (2.4 ± 3.3%), 

Polystichum acrostichoides (1.7 ± 3.4%), and Lonicera japonica (1.2 ± 3.5%). A total of 

44 species were identified in the ground layer and species richness per plot was 9.3 ± 4.9 

(Table 3). 

Dead standing basal area and density were 1.25 (± 1.13) m2/ha and 63.8 (± 49.7) 

stems/ha, respectively (Table 4). Pinus echinata had the highest dead standing basal area 

(1.13 ± 1.13 m2/ha) and density (48.8 ± 46.9 stems/ha) values. 

Native Pine Stands 

Tree basal area and density were 23.67 (± 4.71) m2/ha and 616.3 (± 115.4) stems/ha in 

native stands, respectively (Table 1). Pinus echinata had the highest basal area (13.80 ± 

4.6 m2/ha), density (255.00 ± 82.96 stems/ha), and importance values (99.7). The most 

important associated species were Quercus velutina, Q. marilandica, and Q. alba (Table 

1). Native pine stands had significantly lower basal area (t = -8.74, df = 38, p < 0.0001) 

and density (t = -8.86, df = 38, p < 0.0001) values than plantations. A total of 15 woody 

species were identified in the tree stratum (Table 1). Sapling density was 300.0 (± 251.3) 

stems/ha and was dominated by Quercus velutina (112.5 ± 221.77stems/ha) and Q. mar¬ 

ilandica (87.5 ± 233.32 stems/ha). There were only 7 species identified in the sapling 

stratum (Table 2). Native stands had significantly lower sapling density (t = 2.35, df = 

38, p < 0.01) than plantations. Seedling density was 7300 (± 8036.34) stems/ha and was 

dominated by Vaccinium pallidum (4262.5 ± 8504.8 stems/ha), Pinus echinata (1637.5 ± 

2615.08 stems/ha), Quercus velutina (500.0 ± 1135.5 stems/ha), and Rhododendron 

prinophyllum (400.0 ± 1788.9 stems/ha). There were 11 woody species identified in the 

seedling stratum (Table 2). Native stands had significantly higher seedling density (t = 

-3.20, df = 38, p < 0.01) than plantations. The average canopy cover was 79.8% ± 4.6%. 

Ground layer cover was 25.4 (± 17.8) % and the dominant ground layer species were 

Vaccinium pallidum (15.1 ± 15.8%), Rhododendron prinophyllum (1.8 ± 4.7%), and 
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Danthonia spicata (1.6 ± 3.4%). A total of 40 species were identified in the ground layer 

and species richness per plot was 9.3 ± 4.5 (Table 3). There was no significant difference 

in species richness (t = 1.20, df = 38, p = 0.50) and percent cover (t = 0.79, df = 38, p = 

0.21) between native stands and plantations. 

Dead standing basal area and density were 0.53 ± (0.71) m2/ha and 20.0 ± (15.4) 

stems/ha, respectively (Table 4). Pinus echinata had the highest basal area (0.28 ± 0.67 

m2/ha) and density (48.8 ± 46.9 stems/ha) values. Native stands had significantly lower 

standing dead basal area (t = 2.43, df = 38, p < 0.01) and density (t = 3.77, df = 38, p < 

0.01) than plantations. 

Diversity Relationships 

Dominance-diversity curves for woody and ground layer vegetation indicated that each 

stratum in both plantations and native stands were dominated by a few species, while 

most species in each stratum had low abundances (Figures land 2). Pinus echinata was 

the dominant tree in both stands. Liriodendron tulipifera was a subdominant tree in 

plantations, while Quercus alba, Q. marilandica, and Q. velutina were subdominant trees 

in native stands. Liriodendron tulipifera, Fagus grandifolia, and Ulmus americana 

dominated the sapling stratum in plantations, while Quercus velutina and Q. marilandica 

dominated native stands. Sassafras albidum dominated the seedling stratum in planta¬ 

tions, while Vaccinium pallidum and P. echinata dominated native stands. Toxicoden¬ 

dron radicans was the dominant ground layer species in plantations, and V. pallidum 

dominated native stands (Figure 2). 

Plantations tended to have higher species richness (N0), but lower values for diversity 

(FT), equitability (J'), abundant species (N,), and very abundant species (N2) than native 

pine stands. Exceptions were in the seedling stratum where plantations had higher diver¬ 

sity values and the sapling stratum where richness was the same for plantations and 

native stands (Table 5). 

DISCUSSION 

Woody Vegetation 

Planted pine stands had significantly higher density due to planting to produce a cash 

crop. Greater tree basal area is thought to be attributed to less slope angle than found in 

native stands, and deeper loess-derived soils in the planted pines. Pines were the canopy 

dominant in planted stands (32.3 m2/ha, 605.0 stems/ha), but were not represented in 

either the sapling or seedling strata. Shade-tolerant mesophytic species such as Acer 

saccharum, Fagus grandifolia, Fraxinus americana, Liriodendron tulipifera, and Ulmus 

americana were the dominants in the sapling and seedling layers of planted stands. 

These species have begun to replace P. echinata in the canopy and understory strata, 

which has been found in studies of similar even-aged plantations in Arkansas (Cain and 

Shelton 1994, 1995). The lack of smaller size classes for P. echinata indicate that this 

species will not be represented in the future overstory of these stands. Development of a 

hardwood understory in the absence of disturbance, in both plantations and natural 

stands, is well-documented (Blair and Brunett 1976, Cain and Shelton 1994, 1995, Shel¬ 

ton and Cain 1999). 
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Pine Hills RNA was found to have Pinus echinata as the dominant overstory species, 

while xeric oaks were co-dominants. The seedling layer was found to be dominated by 

Vaccinium pallidum, an ericaceous shrub, and P. echinata. In March 1992, a prescribed 

burn occurred at Pine Hills RNA in 18 of 20 stands sampled, which may account for the 

high seedling density of V. pallidum and P. echinata. However, recruitment of P. echi¬ 

nata into the larger size classes is not occurring as indicated by seedling density of 

1637.5 stems /ha compared to the sapling density of 12.5 stems/ha. Arthur et al. (1998) 

found that on the Cumberland Plateau in Kentucky repeated cool ground fires would not 

accomplish maintenance of this species regardless of fire return interval due to lack of 

canopy removal. Arthur et al. (1998) recommended high intensity disturbances which 

would form large canopy gaps required by shade-intolerant southern pine species for 

regeneration. However, Arthur et al. (1998) found that V. pallidum responded favorably 

to single fires. Interspecific competition from the high density (4262.0 stems/ha) of V. 

pallidum is also believed to be a factor in the inability of pine seedlings to survive into 

the sapling class. 

Pinus echinata is considered a serai species whose persistence in all but the poorest sites 

is dependant on high disturbance intensity (Daubenmire 1978, Smith and Linnartz 1980). 

Native pine stands in southern Illinois are remnant populations found only on very dry, 

steep slopes with gravelly soil. Several studies in the central hardwood region have 

concluded that intense disturbance will be required to maintain P. echinata as an over¬ 

story dominant (Schibig and Chester 1988, Fralish et al. 1993, Franklin et al. 1993). 

Pinus echinata was being replaced by xeric Quercus species at Land Between the Lakes 

in Kentucky and Tennessee and it was predicted that this dominance type will be lost 

from this region without major disturbances such as fire or logging (Fralish et al. 1993, 

Franklin et al. 1993). Pines were also found to be poorly represented in forests in east 

Texas and major catastrophic disturbances were thought to be important for maintaining 

pine-dominated forests in this region (Harcombe and Marks 1978, Glitzenstein et al. 

1986). Cain and Shelton (1994) stated that without catastrophic disturbance, mixed 

hardwoods would replace pines as the dominant vegetation in pine-hardwood forests in 

southern Arkansas. Shelton and Cain (1999) found that two environmental requirements 

necessary for sustaining pine reproduction are that overstory basal areas should not 

exceed 17 m2/ha and pine reproduction should not be overtopped by hardwoods. Lack of 

pine reproduction is thought to be due to shade-intolerance, competition from both the 

overstory and understory strata, and is considered to be a widespread phenomenon in 

southern pines (Blair and Brunett 1976, Cain and Shelton 1994, 1995, Shelton and Cain 

1999). 

Ground Layer 

No significant differences were found between the planted and native pine stands in 

either ground layer species richness or percent cover. Pine Hills RNA was thought to 

have a low species richness and cover due to the poor site location of the pine stands. 

The cherty, gravelly soil was thought to have restricted growth to xeric species due to 

lower water holding capacity. Close (1996) found that herbaceous species richness fol¬ 

lowed a moisture gradient with higher species richness in mesic sites and lower species 

richness in xeric sites. High density of Vaccinium pallidum stems (15.1 % cover) was 

thought to be a limiting factor to herbaceous plants by outcompeting herbs for limited 

resources. Arthur et al. (1998) found an increase in both species richness in the herba- 
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ceous layer and stems of Vaccinium pallidum in pine stands which had been recently 

burned. It is thought by the authors that if Pine Hills RNA experienced a similar initial 

increase in species richness due to prescribed burning that it has returned to its original 

state prior to the burn. Cover values were thought to have increased for V. pallidum as a 

result of sprouting after the prescribed burn. Several other studies have also noted an 

increase in V. pallidum following fire (Reiners 1965, Matlack et al. 1993). 

Ashby and Kelting (1963) found the dominant ground layer grasses in pine stands at Pine 

Hills to be Andropogon (Schizachyrium) scoparium, A. gerardii and Sorghastrum nutans. 

Their study noted that grass cover was less evident under ericaceous shrubs. These 

shade-intolerant, C4 grasses were not observed in the native pine stands in the present 

study. It is believed that increased canopy coverage is responsible for the suppression of 

these prairie species. 

Plantation species richness and cover were thought to have been reduced due to the pres¬ 

ence of woody, shade-tolerant vines such as Toxicodendron radicans, Parthenocissus 

quinquefolia, and Lonicera japonica. These shade-tolerant species are thought to be 

thriving in the closed canopy of the planted stands. Toxicodendron radicans and Parthe¬ 

nocissus quinquefolia have been found to be the dominant ground layer species in dry to 

dry-mesic forests with closed canopies in southern Illinois (Grahame 1996, Shimp 1996, 

McCoy 1997). 

Greater pine mortality in plantations in southern Illinois may be linked to past presence of 

Heterobasidion annosum (Pomes annosus), a fungus responsible for trunk and root rot 

(Gilmore and Gregory 1974). High stem density increases susceptibility to this disease 

due to increased stress from intraspecific competition. Gilmore and Gregory (1974) 

thought that this fungus was increasing in Illinois and would make silvicultural thinning 

of pine stands an undesirable management practice. Future study should examine the 

actual effect of this fungus on pine mortality in southern Illinois. 

No significant difference was found in ground layer between planted and native pine 

stands in species richness or ground layer cover. Diversity indices show that plantations 

were less diverse than native stands although they may contain more species. Both stand 

types were thought to be succeeding to broadleaf deciduous species and intensive man¬ 

agement would probably be necessary for the long term maintenance of these pine stands 

in Illinois. 
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Table 1. Tree basal area (m2/ha ± standard deviation), density (stems/ha ± standard 

deviation), and importance value (IV200) in pine plantations and native pine 

stands in the Ozark Hills of southwestern Illinois. 

Species Pine Plantations (n = 20) 

Basal Area Density <
 

N> 8 

Native Pine Stands (n = 20) 

Basal Area Density iv200 

Acer saccharum 0.59 ± 1.25 51.3 ± 110.2 6.4 0 0 0 

Carya glabra 0 0 0 0.11 ±0.15 13.8 ± 19.0 2.7 

Carya texana 0 0 0 0.14 ±0.37 6.3 ± 16.0 1.6 

Cornus florida 0.31 ±0.57 38.8 ±60.1 4.5 0.06 ±0.14 6.3 ± 16.0 1.3 

Diospyros virginiana 0.16 ±3.74 7.5 ± 16.4 1.1 0 0 0 

Fagus grandifolia 0.21 ±0.48 27.5 ± 59.6 3.1 0.03 ±0.11 1.3 ±5.6 0.3 

Fraxinus americana 0.86 ± 2.27 47.5 ± 104.8 6.7 0 0 0 

Liquidambar styraciflua 0.36 ± 0.56 36.3 ± 55.3 4.4 0 0 0 

Liriodendron tulipifera 2.05 ±2.15 112.5 ± 122.1 15.7 0.03 ±0.14 1.3 ±5.6 0.3 

Nyssa sylvatica 0 0 0 0.19 ±0.58 15.0 ±50.3 3.2 

Pinus echinata 32.31 ±6.2 605.0 ±212.4 141.7 13.80 ±4.64 255.0 ± 83.0 99.7 

Prunus serotina 0.10 ±0.27 7.5 ± 20.0 1.0 0 0 0 

Quercus alba 0.01 ±0.07 1.3 ±5.6 0.2 1.21 ±2.28 51.3 ±53.5 13.4 

Quercus marilandica 0 0 0 1.94 ± 1.77 95.0 ± 86.8 23.6 

Quercus rubra 0.01 ±0.05 8.8 ± 24.7 0.9 0.79 ±2.15 21.3 ±38.3 6.8 

Quercus velutina 0.02 ±0.11 1.3 ±5.6 0.2 5.28 ± 3.95 140.0 ± 105.6 45.0 

Sassafras albidum 0.29 ± 0.58 32.5 ±71.7 3.8 0.01 ±0.04 1.3 ±5.6 0.3 

Ulmus americana 0.48 ± 0.89 56.3 ± 75.6 6.6 0 0 0 

Minor Species' 0.39 ± 1.34 27.2 ± 104.0 4.0 0.07 ± 0.27 8.4 ± 39.2 1.8 

Totals 

1  : : i_i 

38.15 ±5.73 1061.3 ± 192.9 200.3 23.67 ±4.71 616.3 ± 115.4 200.0 

spp., Cercis canadensis, Crataegus sp., Ostrya virginiana, Quercus shumardii, Quercus sp., Tilia 

americana, and Vitis spp. in plantations and Amelanchier arborea, Carya ovata, and Vaccinium 
arboreum in native stands. 
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Table 2. Sapling and seedling density (stems/ha ± standard deviation) in pine plantations 

and native pine stands in the Ozark Hills of southwestern Illinois. 

Species Pine Plantations (n = 20) 

Sapling Density Seedling Density 

Native Pine Stands (n = 20) 

Sapling Density Seedling Density 

Acer saccharum 25.0 ± 77.0 75.0 ± 335.4 0 0 

Amelanchier arborea 0 0 0 12.5 ±55.9 

Aralia spinosa 0 0 0 12.5 ±55.9 

Asimina triloba 0 37.5 ± 167.7 0 0 

Carya glabra 0 0 25.0 ± 111.8 162.5± 619.2 

Carya ovata 0 50.0 ± 223.6 0 0 

Carya spp. 12.5 ±55.9 50.0 ± 153.9 0 0 

Carya texana 0 0 12.5 ±55.9 87.5 ± 233.3 

Cornus florida 12.5 ±55.9 25.0 ± 77.0 0 0 

Crataegus sp. 12.5 ±55.9 0 0 0 

Fagus grandifolia 337.5 ±731.2 162.5 ±317.0 0 0 

Liquidambar styraciflua 0 37.5 ± 122.3 0 0 

Liriodendron tulipifera 787.5 ± 2104.6 175.0 ±526.3 0 0 

Pinus echinata 0 0 12.5 ±77.0 1637.5 ±2615.1 

Prunus americana 12.5 ±55.9 0 0 0 

Quercus alba 0 0 12.5 ±55.9 0 

Quercus marilandica 0 0 87.5 ± 233.3 0 

Quercus rubra 0 12.5 ±55.9 0 0 

Quercus sp. 0 12.5 ±55.9 0 0 

Quercus velutina 0 0 112.5 ±221.8 500.0 ± 1135.6 

Rhododendron prinophyllum 0 0 0 400.0 ± 1788.9 

Rhus copallina 0 0 0 25.0 ± 111.8 

Sassafras albidum 0 575.0 ± 1517.7 0 87.5 ±391.3 

Tilia americana 0 12.5 ±55.9 0 0 

Ulmus americana 237.5 ±553.0 212.5 ±563.6 0 0 

Vaccinium arboreum 0 0 25.0 ± 77.0 112.5 ±503.1 

Vaccinium pallidum 0 0 0 4262.5 ± 8504.8 

Totals 1437.5 ±2145.8 1437.5 ± 1568.3 300.0 ±251.3 7300.0 ± 8036.3 
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Table 3. Frequency and percent cover (± standard deviation) of most important ground 

layer species in pine plantations and native pine stands in the Ozark Hills of 

southwestern Illinois. 

Species Pin£.Piaat.atiQiis..(n 

Frequency % Cover 

Native Pine Stands (n = 20) 

Frequency % Cover 

Amelanchier arborea 0 0 4 0.9 ± 3.5 

Antennaria plantaginifolia 0 0 7 0.2 ± 0.2 

Asplenium platyneuron 14 0.4 ± 0.2 3 0.1 ±0.3 

Aureolaria flava 0 0 13 0.7 ± 1.0 

Campsis radicans 7 0.3 ± 0.7 0 0 

Cunila origanoides 0 0 9 0.4 ± 0.7 

Danthonia spicata 0 0 18 1.6 ±3.4 

Diarrhena americana 6 0.3 ± 0.7 0 0 

Helianthus divaricatus 1 <0.1 ±0.2 5 1.3 ±2.2 

Hieracium gronovii 0 0 16 0.4 ± 0.3 

Lespedeza hirta 0 0 6 0.2 ± 0.2 

Lonicera japonica 4 1.2 ±3.5 0 0 

Parthenocissus quinquefolia 19 2.4 ±3.3 8 0.2 ±0.3 

Phryma leptostachya 8 0.2 ± 0.3 0 0 

Podophyllum peltatum 5 0.2 ± 0.2 0 0 

Polystichum acrostichoides 16 1.7 ±3.4 3 0.1 ±0.2 

Pycnanthemum incanum 0 0 6 0.2 ±0.2 

Rhododendron prinophyllum 0 0 8 1.8 ±4.7 

Rhus copallina 0 0 4 0.2 ± 0.7 

Rubus allegheniensis 4 1.0 ±3.5 0 0 

Sanicula canadensis 14 0.4 ± 0.3 0 0 

Smilax glauca 11 0.5 ± 0.9 1 0 

Solidago ulmifolia 0 0 7 0.2 ±0.2 

Tephrosia virginiana 0 0 6 0.2 ± 0.2 

Toxicodendron radicans 18 18.8 ±25.2 4 0.1 ±0.2 

Vaccinium pallidum 0 0 17 15.1 ± 15.8 

Vitis spp. 2 0.1 ±0.2 7 0.2 ±0.2 

Minor species1 1.3 1.3 

Totals 28.8 ± 24.2 25.4 ± 17.8 

'Entire data set for ground layer available from authors upon request. 
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Table 4. Basal area (m2/ha ± standard deviation) and density (stems/ha ± standard 

deviation) of standing dead trees (> 6.5 cm dbh) in pine plantations and native 

pine stands in the Ozark Hills of southwestern Illinois. 

Species Pine Plantations (n 

Basal Area 

ecm 

Density 

Native Pine Stands (n 

Basal Area 

= 20) 

Density 

Cercis canadensis 0.02 ± 0.07 1.3 ±5.6 0 0 

Cornus florida 0.01 ±0.03 2.5 ± 7.7 0 0 

Crataegus sp. 0.03 ±0.15 1.3 ±5.6 0 0 

Diospyros virginiana 0.02 ±0.11 2.5 ± 11.2 0 0 

Fraxinus americana 0.02 ± 0.05 2.5 ±7.7 0 0 

Juniperus virginiana 0.01 ±0.04 1.3 ±5.6 0 0 

Liquidambar styraciflua 0.02 ± 0.03 1.3 ±5.6 0 0 

Liriodendron tulipifera 0.01 ±0.05 1.3 ±5.6 0 0 

Pinus echinata 1.13 ± 1.13 48.8 ±46.9 0.28 ± 0.67 6.3 ±11.1 

Quercus marilandica 0 0 0.23 ± 0.42 10.0 ± 12.6 

Quercus velutina 0 0 0.02 ± 0.05 3.8 ±9.2 

Ulmus americana 0.01 ±0.01 1.3 ±5.6 0 0 

Totals 1.25 ± 1.13 63.8 ±49.7 0.53 ±0.71 20.0 ± 15.4 
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Table 5. Diversity indices for woody and ground layer vegetation in pine plantations 

and native pine stands in the Ozark Hills of southwestern Illinois (H' = Shan- 

non-Weiner Index, J' = Pielou Equitability Index, N0 = number of species, Nj = 

number of abundant species, N2 = number of very abundant species). 

A. Overstory 

Diversity Index Pine Plantations Native Pine Stands 

H' 1.31 1.51 

y 0.40 0.56 

N0 27 15 

N, 3.71 4.51 

n2 1.96 3.17 

B. Saplings 

Diversity Index Pine Plantations Native Pine Stands 

IT 1.16 1.56 

V 0.60 0.68 

N0 7 7 

N, 3.20 4.77 

n2 2.57 3.79 

C. Seedlings 

Diversity Index Pine Plantations Native Pine Stands 

HT 1.92 1.27 

V 0.75 0.55 

N0 13 10 

N, 6.85 3.56 

n2 4.63 2.48 

D. Ground Layer 

Diversity Index Pine Plantations Native Pine Stands 

PT 1.57 1.83 

V 0.42 0.50 

N0 44 40 

N, 4.83 6.21 

n2 2.41 2.95 
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Figure 1. Dominance-diversity curves for trees and saplings in plantations (open 

squares) and native pine stands (solid squares) in southwestern Illinois. Spe¬ 

cies sequence is from most to least important. 
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Figure 2. Dominance-diversity curves for seedling and ground layer vegetation in plan¬ 

tations (open squares) and native pine stands (solid squares) in southwestern 

Illinois. Species sequence is from most to least important. 
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ABSTRACT 

The kinetics of oxidation of D-cycloserine (CS) by sodium-N-bromo-p-toluenesulfona- 

mide or bromamine-T (BAT) in the presence of HC1 at 313 K follows the rate law, - 

d[BAT]/dt = k[BAT] [CS]x[HCl]y, where x and y are less than unity. The decrease in 

dielectric constant of the medium increases the rate. The variation of ionic strength or the 

addition of the reaction product, p-toluenesulfonamide, has no effect on the rate. The rate 

increases in D20 medium and the inverse solvent-isotope effect is ko2o / kn2o =1.60. 

Proton inventory studies in H20-D20 mixtures have been used to calculate the isotopic 

fractionation factors. Composite activation parameters for the reaction have been deter¬ 

mined from Arrhenius and Eyring plots. Michaelis-Menten type of kinetics is observed 

and activation parameters for the rate-determining step have been computed. The pro¬ 

posed mechanism assumes the simultaneous catalysis by H+and Cl'ions and is consistent 

with the observed kinetic data. Products of oxidation were identified. 

INTRODUCTION 

The organic N-haloamines are capable of producing halonium cations in aqueous solu¬ 

tion. The important chlorine compound of this class is chloramine-T (CAT), which is a 

bi-product in saccharin manufacture and is a well-known analytical reagent. Mechanistic 

aspects of many of its reactions have been documented [1,2]. The bromine analogue 

sodium N-bromo-p-toluenesulfonamide (p-CH3C6H4SO2NBrNa.3H20, bromamine-T or 

BAT) is found to be a better oxidizing agent than the chloro derivate. However, there is 

less information in the literature [3,4] on BAT, particularly with respect to the oxidation 

kinetics of antibiotics. The drug, D-cycloserine (CS), finds applications in the pharma- 
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ceutical industry as an antibiotic. The compound and its derivatives have been oxidized 

anodically using glassy carbon electrodes [5] and by CAT [6] and chloramine-B [7]. The 

information about its kinetic and mechanistic aspects is still scanty. Hence, it is worth¬ 

while to study the oxidation of CS by BAT in acidic medium. 

EXPERIMENTAL 

Bromamine-T was obtained by partial debromination of dibromamine-T (DBT) in 4M 

NaOH [8]. The purity of BAT obtained was checked iodometically and through its mass, 

UV, IR, and !H and 13C NMR spectral data. An aqueous solution of BAT was prepared 

afresh, standardized by the iodometric method, and preserved in brown bottles to prevent 

its photochemical deterioration. D-cycloserine (Sigma Chem. Co.) was used without 

further purification. Aqueous solutions of desired strength were prepared prior to use. 

All other chemicals were of Analar grade. The ionic strength of the medium was main¬ 

tained at a constant high value ( p = 0.80 M) using a concentrated solution of sodium 

perchlorate. Solvent isotope studies were made with D20 (99.4%) supplied by the 

Bhabha Atomic Research Centre, Bombay, India. Permittivity of the reaction medium 

was changed by the addition of MeOH in varying proportions (v/v) and the values of 

permittivity for MeOH-water mixtures reported in the literature were employed [9]. 

Triple-distilled water was used throughout. 

Kinetic Measurement 

Reactions were carried out in glass stoppered Pyrex boiling tubes coated black on the 

outside to eliminate photochemical effects. Pseudo-first-order conditions were main¬ 

tained for the kinetic runs ([substrate]0»[oxidant]0). The oxidant and the requisite 

amounts of CS, HC1, and NaC104 solutions and water (for constant total volume) taken in 

separate boiling tubes were thermostated for 30 min at 313 K. The reaction was initiated 

by the rapid addition of a measured amount of BAT to the mixture and was shaken inter¬ 

mittently for uniform concentration. The progress of the reaction was monitored by 

iodometric titration of unconsumed BAT in known aliquots of the reaction mixture with¬ 

drawn at regular intervals of time. The reaction was studied for more than two-half lives. 

Pseudo-first-order rate constants (k') were reproducible within + 4%. Regression analysis 

of the experimental data to obtain regression coefficient "r" was performed with an EC- 

72 statistical calculator. 

Stoichiometry and Product Analysis 

Varying ratios of the oxidant-to-substrate (CS « BAT) in the presence of 0.20 M HC1 

were equilibrated at 313 K for 48 hr. The determination of the unconsumed BAT in the 

reaction mixture showed that one mole of CS consumed four moles of BAT: 

2C3H6N202 + 8ArNBrNa + 3H20 -> 

2NCCHO + N20 + 2C02 + 8ArNH2 + 8Na+ + 8 Cf (1) 

(where Ar = p-CH3C6H4S02) 

The reduction product of BAT, p-toluenesulfonamide or ArNH2, among the reaction 

products was identified by paper chromatography [10] using benzyl alcohol saturated 

with water as the solvent system with ascending irrigation and using 0.5% vanillin in 1% 

HC1 in EtOH as the spray reagent (Rf = 0.905). The presence of one of the oxidation 
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products, nitrile, was identified by its specific color reaction with hydroxylamine and 

ferric chloride [11]. The evolving C02 gas was detected by the lime water test. 

RESULTS 

The kinetics of oxidation of cycloserine by BAT was investigated at several initial con¬ 

centrations of the reactants in HC1 medium. 

At constant [HC1] and [CS]0, where ([CS]0» [BAT]0), plots of log [BAT] vs. time were 

linear (r > 0.9908) indicating a first-order dependence on the rate of [BAT]. The rate 

constant, k', was not affected by a change in [BAT]0 (average 104k = 3.60 ± 0.10s'1). 

Values of k' increased with increase in [CS]0. A plot of log k' vs. log [CS]0 was linear (r 

= 0.9935), with a slope of 0.40, thus indicating a fractional-order dependence on [CS]. 

Furthermore, a plot of k' vs. [CS]0 was also linear (r = 0.993) with a y-intercept, 

confirming the fractional-order dependence on [CS]. 

The rate of reaction increased with increase in [HC1] (Table 1) and a plot of log k' vs. log 

[HC1] was linear with a fractional slope of 0.66. Keeping the total chloride ion concen¬ 

tration in the reaction mixture constant at 0.60 M with NaCl, [H+] was varied using HC1. 

The rate increased (Table 1) with increase in [H+] and a plot of log k' vs. log [H+] was a 

straight line (r = 0.9984) with a fractional slope of 0.41. At constant [H+] = 0.20 M, 

maintained with HC1, the rate increased with the addition of NaCl (Table 1). A plot of 

log k' vs. log [Cl ] was linear (r = 0.992) with a slope of 0.25. Furthermore, plots of k' vs. 

[H+] and k' vs. [Cl ] were linear (r > 0.992) with y-intercepts. 

Addition of the reaction product, p-toluenesulfonamide (5.0 x 104 - 5.0 x 103 M) or the 

variation of ionic strength of the medium by adding NaC104 (0.2-1.0 M) did not affect the 

rate. Similarly, addition of Br' ions in the form of NaBr (5.0 x 10'4 - 5.0 x 10'3 M) did not 

influence the rate. The dielectric constant of the medium was varied by addition of 

MeOH (0 - 40% v/v) to the reaction mixture. The rate increased with the increase in 

MeOH content. A plot of log k' vs. 1/D, where 'D' is the relative permittivity of the 

medium, was linear (r = 0.9948) with a positive slope. Control runs indicated that MeOH 

was very slightly oxidized (<2%) by BAT under the experimental conditions. This was 

taken into account in the calculation of the net rate constant for the oxidation of cyloser- 

ine each time. 

The reaction was studied at different temperatures (308-323 K) and from the linear 

Arrhenius and Erying plots (r > 0.992) of log k' vs. 1/T and log k'/T vs. 1/T, respectively, 

values of activation parameters for the overall reaction were computed (Table 2). Rate 

studies in D20 medium showed that the reaction is faster in heavy water, with a formal 

solvent isotope effect k^2o / k^o = 0.63. The reaction was studied in H20-D20 mixtures 

containing varying deuterium atom fractions "n" (Table 3) and proton inventory plots 

relating the rate constant kn0, with 'n' are shown in Figure 1. 

Olefinic monomers such as acrylonitrile and freshly prepared 10% acrylamide solution, 

under nitrogen atmosphere, were added to the reaction mixture to initiate polymerization 

by free radicals formed in situ. The lack of polymerization indicated the absence of free 

radicals in the reaction mixture. Proper control experiments were also conducted. 



118 

DISCUSSION 

Cycloserine, having Zwitter ionic properties similar to amino acids [12], possesses two 

ionizable groups with pKaj = 4.5 and pKa2 = 7.4 (Scheme I). 

O 
\ 

Ka, 

a b c 

Scheme I 

The Zwitter ion 'b' is the predominant species in moderately acidic solution. The anion 'c' 

and the cation 'a' are in excess in basic and highly acidic media, respectively. 

As organic halomines have similar chemical properties, it is expected that similar 

equilibria exist in solutions of these compounds. Bromamine-T acts as an oxidizing 

agent in both acidic and alkaline media. In general, BAT undergoes a two-electron 

change in its reactions. The oxidation potential of BAT/ArHN2 is pH dependent and 

decreases with increase in the pH of the medium (values are 1.14 V at pH 0.65 and 0.50 

V at pH 12.0). Depending on the pH of the medium, BAT furnishes different types of 

reactive species in solutions (eqs. 2-5) such as ArNHBr, ArNBr2, and HOBr in acid solu¬ 

tions [13-16]. 

ArNBrNa <-> ArNBr + Na+ (2) 

ArNBr- + H+ <- -£*—> ArNHBr (3) 

2 ArNHBr ArNBr2+ArNH2 (4) 

ArNHBr+ H20 <-> ArHN2+HOBr (5) 

Therefore, the possible oxidizing species in acidified BAT solutions are ArNHBr, 

ArNBr2, and HOBr. If ArNBr2, were the relative species, then the rate law would predict 

a second-order dependence of the rate on [BAT] and retardation of the rate by the added 

ArNH2 (eq. 4). Similarly, if HOBr were the reactive species, a first-order retardation by 

ArNH2 would be expected (eq. 5). Since these were not experimentally observed, the 

likely oxidizing species for CS is the free acid, ArNHBr (eq. 3). Calculations of Hardy 

and Johnston [14] on aqueous bromamine-B and observations of Bishop and Jennings 
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[15] and Morris et al. [16] on CAT solutions have clearly shown that the conjugate acid 

(ArNHBr) is the predominant species in acid solutions of haloamines. 

In the present investigations, oxidation of CS by BAT shows a first-order dependence on 

[BAT] and fractional-orders in [acid] and [substrate]. Non-involvement of the sul- 

fonaminde in pre-equilibrium with the oxidant and the absence of any ionic strength 

effect suggest that neutral species are taking part in the rate-determining step. Based on 

the above observations, the mechanism of the reaction is best explained by the following 

Scheme II with simultaneous catalysis by H+ and Cl* ions: 

ArNHBr + H+ + Cl 

K2 

x + cs 

X' + H2O _l_^ X" (iii) slow & rds 

X" + 3ArNHBr + H20 -products (iv) fast 

Where X, X’ and X" represent the intermediates 

Scheme II 

K, 5+ 5- 
.1.ArNH2Br...CI (i)fast 

(X) 

X (ii) fast 

Step (iii) determines the overall rate, 

Rate = 
-d[BAT 

dt 
= k3[X] (6) 

In eq. (6), [H20] is omitted as it is constant in aqueous medium and included in the rate 

constant. 

If [BAT]t represents the total concentration of the oxidant, 

[BAT]t = [ArNHBr] + [X] + [XI (7) 
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Solving for [X'] and substituting in eq. (6), the following rate law [eq. (8)] can be 

derived: 

Rate = 

or 

-d[BAT] _ K1K2k3[BAT]t[CS][H+][Cl~] 

dt 1 + K,[H+][Cr] + KjK2[CS][H+][Cr] 

K1K2k3[BAT]t[CS][HCl} 

1 6 “ 1 + Kj[HCl] + K1K2[CS][KC1] 

(8) 

The rate law is in agreement with experimental results. Eq. (8) can be transformed as, 

1 

k' 

1 

K2k3[CS] 

1 

K, [HC1] 
< * 

(9) 

From the intercepts of the linear double reciprocal plots of 1/k’ vs. 1/[CS]0 at constant 

[HC1] and 1/k’ vs. 1/[HC1] at constant [CS]0>the values of the rate constant, k3, for the 

rate-determining step found were, 7.40 x 10'4 and 1.03 x 10'3 s'1, respectively, which are 

comparable. 

Since the rate was fractional in [CS]0, Michaelis-Menten kinetics [17] were adopted to 

study the effect of [CS]0 on the rate at different temperatures (308-323 K). From the 

plots of 1/k’ vs. 1/[CS]0 (Figure 2), the values of k3 obtained were (lOVs1) : 4.50 (308 K), 

7.45 (313 K), 10.8 (318 K) and 17.7 (323 K). Activation parameters (Table 2) for the 

rate-determining step were computed from the Arrhenius and Eyring plots of log k3 vs. 

1/T and log k3/T vs. 1/T (r > 0.9898), respectively [17]. 

The rate increases with decrease in dielectric constant of the medium indicating a charge 

dispersal in the transition state, which is less polar than the reactants. Solvent isotope 

studies have shown that the rate of reaction is higher in D20 medium. For a pre-equilib¬ 

rium proton transfer [18], generally the inverse solvent isotope effect, ko2o / kn2o = 2-3, 

but the value of 1.60 obtained in the present investigation is a reflection of the fractional- 

order dependence of the rate on [H+]. Since a part of the reaction takes place by chloride 

ion catalysis and through an acid independent pathway, the proton inventory studies in 

H20-D20 mixtures could throw light on the nature of the transition state. The depend¬ 

ence of the rate constant (Iq/1) on n, the atom fraction of deuterium in a solvent mixture of 

D20 and H20, is given by a form of the Gross-Butler equation [19, 20]. 

k„7k0n = nTS(l - n + nft/nRS (1 - n + ^) (10) 

Where 0. and (p] are the isotopic fractionation factors for isotopically exchangeable 

hydrogen sites in the transition state (TS) and in the reactant state (RS), respectively. Eq. 

(10) allows the calculation of the fractionation factor of TS, if the reactant fractionation 

factor is known. However, the curvature of the proton inventory plot could reflect the 

number of exchangeable protons in the reaction [19, 21]. A plot of lq," vs. n (Figure 1, 

Table 3), in the present case, is more or less a straight line with the least convature. 
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Comparison with the standard curves [21] clearly indicates the involvement of a single 

proton or H-D exchange during the reaction sequence. Hence, the participation of H+ ion 

in the formation of transition state is inferred. Furthermore, if it is assumed that the reac¬ 

tion proceeds through a single transition state, eq. (10) takes the forms shown by eqs. (11) 

and (12). 

k0n=ko°(l-n + n^r2 
(11) 

(k0°/k0n)1/2=[l + n(^-l)] 
(12) 

Eq. (12) indicates a linear relation between (ko° / kon)1/2 and n which is shown in Figure 1 

(r = 0.9905). The slope (</>■ -1) = -0.23 , from which the fractionation factor n is found 

to be 0.77. Kresge and Allred [22] have obtained a value of 0.67 for n of HC104 in H20- 

D20 mixtures for which Gold [23] reported a value of 0.69. Considering the diversity of 

the procedures employed, it may be assumed that there is an agreement between the n 

values obtained for HC104. 

The proposed mechanism is also supported by the moderate values of energy of activa¬ 

tion. The fairly high positive values of the free energy of activation and the enthalpy of 

activation indicate that the transition state is highly solvated, while high negative entropy 

of activation suggests the formation of the compact activated complex. The constancy of 

rate constant on addition of neutral salts or the reaction product (ArNH2) also supports 

the proposed mechanism. 
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Table 1. Effect of varying [HC1], [H+], and [Cl ] on the rate3, 

[HC1]/M k' x 104/s1 *[H+]/M k' x 104/s-1 **[C1]/M k' x 104/s'' 

0.100 2.30 0.100 3.72 0.200 3.68 

0.200 3.60 0.200 4.70 0.300 4.20 

0.300 2.82 0.300 5.58 0.400 4.65 

0.400 5.68 0.400 6.43 0.600 4.98 

0.500 6.70 0.500 6.95 0.800 5.30 

0.600 7.56 0.600 7.40 

3 [BAT]0 = 1.00 x 10'3M; [CS]0 = 3.00 x 10 2 M; p = 0.80 M; and Temp = 313 K 

* Experiments performed at constant [Cl ] = 0.600 M 

** Experiments performed at constant [H+] = 0.200 M 

Table 2. Activation parameters for the oxidation of cycloserine by BAT in HC1 medium3 

Activation parameters 
Ea 

(kJ mol'1) 

AH* 

(kJ mol'1) 

AS* 

(JK'1 mol'1) 

AG* 

(kJ mol'1) 

Composite reactionb 68.5 65.7 -101 97.5 

Rate-determining stepc 71.5 68.8 -84.5 95.6 

3 Conditions, except temp., are the same as listed in Table 3. 

b based on k' 

c based on k3 

Table 3. Proton inventory studies for cycloserine-BAT reactions in H20-D20 mixtures3 

Atom fraction of deuterium (n) k"0 x 104/s'1 

0.000 3.60 1.00 

0.248 4.05 0.940 

0.496 4.52 0.890 

0.744 5.05 0.840 

0.992 5.75 0.790 

3 [BAT]0 = 1.00 x 10'3M; [CS]0 = 3.00 x 10'2 M; [HC1] = 0.200 M 

jj, = 0.80 M; and Temp. = 313 K 
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Figure 1. Proton inventory plots for the oxidation of D-cycloserine by BAT in H20-D20 

mixtures: Experimental conditions are as in Table 3. 
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Figure 2. Double reciprocal plots of 1/k' vs. 1/[CS]0 at different temperatures: 

[BAT]„= 1.00 x 103 M; [HC1] = 0.200 M; and p= 0.80 M. 
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ABSTRACT 

The potential of anaerobic bacterial metabolism to raise the pH of acid lakes was tested 

by adding 9.1 metric tons of fresh cow manure to a 2.1 ha, 6 m deep, pH 2.9 coal mine 

lake near DeSoto, Illinois. This additive was expected to provide a substrate for sulfate- 

and iron-reducing bacteria that generate alkalinity. Lake water chemistry was monitored 

for 2.5 years in the treated lake and in a nearby untreated lake. The main effects of this 

cow manure addition were a rise in pH, iron, and sulfide and a decrease in oxygen, 

acidity, and aluminum in deep water of the treated lake during summer stratification. 

Surface water chemistry remained unchanged except for a decline in oxygen con¬ 

centrations. During fall turnover, the chemistry of the entire lake returned to its pre¬ 

treatment condition. The results of this investigation indicate that anaerobic bacterial 

decay of organic matter can raise the pH of acid mine water. In our experiment low 

hydraulic retention time probably prevented a permanent increase in alkalinity and pH in 

the entire treated lake. 

INTRODUCTION 

Acid Surface Mine Lakes in Illinois 
Lakes are common on lands surface mined for coal in Southern Illinois and adjacent 

states. These lakes form as groundwater seepage and runoff fill terminal box-cuts of land 

that have been strip-mined for coal (Grim and Hill 1974; Smith and Frey 1971). Many 

mine lakes are acid as a result of weathering of pyrite and marcasite in their watersheds 

(Stumm and Morgan 1970; Miller et al.1996 ). About 6 percent of the coal surface mine 

lakes in Illinois are acid (pH<5.0)(Haynes and Klimstra 1975). These lakes provide ideal 

locations to examine neutralization processes in sulfuric acid-contaminated lakes. They 

allow us to test the hypothesis that increased organic loading will enhance sulfate 

reduction which will raise lake pH. 
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pH Rises in Acid Lakes Caused by Internal Alkalinity Generation 

Internal alkalinity generation, mostly by dissimilatory sulfate reduction (equation a), has 

been demonstrated in a variety of waters, including acid strip-mine lakes (e.g. Campbell 

and Lind 1969, King et al. 1974, Brugam and Lusk 1986, Brugam et al. 1990a,b, Fryson 

et al. 1998, Kleeburg 1998; Castro et al. 1999), constructed wetlands receiving acid mine 

drainage (Vile and Wieder 1993, Wieder 1993), in acid seeps from underground coal 

mines (Dvorak et al. 1991), and soft-water lakes vulnerable to acid rain (Anderson and 

Schiff 1987). The sulfate-reducing bacteria that are active in these waters require 

anaerobic conditions and an adequate supply of dissolved sulfate and organic matter 

(Baas-Becking et al.1960). Brugam et al. (1995) isolated anaerobic sulfate-reducing bac¬ 

teria from an organically loaded enclosure in a strip-mine lake on the Will Scarlett Mine 

in Southern Illinois. 

Acid mine waters typically have high sulfate concentrations, so it is more likely that 

organic matter might limit the rate of sulfate reduction in them than in low sulfate soft- 

water lakes. Additions of organic matter seem to be a promising treatment for acid mine 

waters (Castro et al. 1999). 

Various kinds of organic matter have been added to mine water contaminated systems. 

Wieder (1993) tested five combinations of additives in constructed wetlands, including 

Sphagnum peat with limestone and fertilizer, Sphagnum peat alone, sawdust, 

straw/manure, and mushroom compost. The last two were most effective in generating 

alkalinity, but after two years their effectiveness diminished. Brugam et al. (1990a,b) 

added straw to enclosures in an acid mine lake, and did obtain alkalinity generation, but 

the pH change was not permanent. Davison (1986) added activated sludge and hydrated 

lime to an acidic sand pit, and obtained a rise in pH and internal alkalinity generation for 

about two years, but after that alkalinity and pH began to decrease. 

Wieder (1993) has pointed out that treatment effectiveness of constructed wetlands con¬ 

tinues to be both variable and rather unpredictable. More investigation is needed to 

determine the sources of this variability and unpredictability. For a permanent rise in pH 

it is necessary to prevent the reversal of the alkalinity-generating reactions and to keep 

alkalinity-generating reactions proceeding at a rate sufficient to remove incoming acid 

(Wieder 1993). 

The reversal of alkalinity-generating reactions can be prevented by the escape of H2S gas 

(King et al. 1974; equation a); by the formation of organic sulfur compounds (Anderson 

and Schiff 1987; reaction b); or by the formation and burial of FeS (Schindler et al. 1980; 

reaction c). Fe++ must be available for FeS precipitation and burial to proceed. Fe++ is 

produced by heterotrophic bacterial activity that also creates alkalinity (reaction d). The 

precipitation of FeS consumes alkalinity (reaction c). 

a) 2CH20 + S04- + 2H+ -> 2C02 + H2S + 2H 20 

b) 2C12H22On + 3C12H26 +7H2S -> 4C6H8S+ 3C12H20S + 22H20 

c) Fe++ + H2S —> FeS + 2H+ 

d) CH20 + 4FeOOH + 8H+ -> C02 + 4Fe++ + 7H20 
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We wanted to test if organic matter (such as cow manure) added to a seasonally stratified 

high-sulfate coal mine lake could increase the rate and amount of internal alkalinity gen¬ 

erated in the hypolimnion to permanently raise the pH of the lake. 

METHODS 

Study Lakes 

Two acid lakes on the Burning Star #1 mine site near DeSoto, Illinois, were used for this 

study (Table 1). The site was surface mined before 1968. The lakes were chosen because 

of their small size and relatively large depth. Pit Y was the untreated lake; Pit C was the 

treated lake which received repeated additions of cow manure starting on Oct. 19, 1991 

(Figure 1). 

The hydrology of the lakes differed. The untreated lake had no inlet or outlet, but was 

separated from a very acidic lake (pH=2.5) by an approximately 15 m wide road. A 

small pile of exposed mine spoil was evident on the southeast shore of the untreated lake. 

We hypothesize that the acid contamination of the untreated lake occurs by seepage 

through the fill which supports the road. 

The treated lake has a small inlet and outlet which run only in late fall to late spring. At 

other times the lake is fed by groundwater. Input of acid water to the treated lake is 

probably by surface run-off because it is surrounded by many large, groundwater-fed 

lakes with pH>7.0 suggesting that the groundwater itself is not acid. The lake has a 

number of large piles of unvegetated surface mine spoil on its shore. 

Organic Additions 

Cow manure used in dosing the treated lake was scraped directly from the feed lot floor 

at the Southern Illinois University at Carbondale Dairy Barns. Additions were carried out 

at irregular intervals over a period of about a year and a half (Figure 1). The largest 

amounts of cow manure were added in May 1992 and September 1992. 

The phosphorus and nitrogen concentrations of the cow manure were measured by Alvey 

Laboratories, Belleville, IL. 

Field Sampling 

Both lakes were sampled at approximately two week intervals from 18 July, 1991, to 28 

October, 1993. Water level was measured from an arbitrary fixed reference point with a 

board calibrated in centimeters. Secchi disc readings were taken, and water was sampled 

at the deepest location at one meter intervals with a Kemmerer sampler. Each water 

sample was divided into three containers; a 250-ml acid-washed and distilled-water- 

rinsed polyethylene bottle and two 300-ml glass BOD bottles. Temperature was meas¬ 

ured immediately, and pH within one hour, in the polyethylene bottle. One of the BOD 

bottles had 1 ml of IN zinc acetate solution for sulfide measurements, the other was 

treated with Winkler reagents for oxygen measurements. 

Laboratory Methods 

All procedures were taken from Standard Methods (American Public Health Association 

1985). Acidity was measured within 6 hrs by boiling with H202 and titrating potenti- 
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ometrically with 0.02 N NaOH to pH 8.3. Alkalinity was also measured within 6 hrs by 

titrating with 0.02 H2S04 to pH 4.4. Alkalinity measurements were made only if the 

starting pH of the water was >4.4. Total phosphorus was measured by the phosphomo- 

lybdate-blue method on unfiltered samples digested with persulfate. Ascorbic acid was 

used as the reducing agent. 

Oxygen was measured by iodometric titration of the Winkler samples with 0.025 N 

Na2S203 within six hours of collection. Total sulfide was measured by titration of the 

zinc-acetate dosed BOD bottles with 0.025 N Na2S203 within 24 hours of collection. 

One hundred ml subsamples were taken from the plastic bottle, acidified with HN03 and 

stored at 4° C for analysis of sulfate, aluminum, and iron. Sulfate was determined 

turbidimetrically using barium chloride. Aluminum was measured with the Eriochrome 

Cyanine method. Iron was determined by atomic absorption using a Varian model A10 

atomic absorption spectrophotometer. 

RESULTS 

Water Level 

Water level changes in both lakes were nearly synchronous (Figure 2). Levels rose in 

November 1991 and remained high until June 1992. The lowest levels occurred in 

autumn 1992. In late November levels again rose and remained high until the end of the 

study in September 1993. Both sites were flooded through 1993. That year was 

extremely wet, causing floods throughout the Midwestern U.S. 

Water levels were somewhat correlated with rainfall as measured at Carbondale, Illinois, 

approximately 15 km away. 

Changes in Lake Water Chemistry 

All results of chemical analysis of lake water are presented as isopleth diagrams (Figures 

3 to 12). These diagrams show amounts of the various chemical and physical parameters 

as contours. The x axes of the graphs are dates and the y axes are depth below the water 

surface. Isopleth graphs summarize complex lake data in a concise form (Wetzel 1983). 

Temperature and Oxygen 

The temperature isopleth diagram shows that both lakes were thermally stratified from 

June through October of 1991, 1992 and 1993 (Figure 3). Oxygen levels in the 

hypolimnion of the treated lake were low in 1992, but lower still in 1993 (Figure 4). In 

1992 the 5 mg/L isopleth reached 5m depth, but after most manure additions in 1993 that 

isopleth reached the lake surface. In contrast, hypolimnetic oxygen levels remained rela¬ 

tively high in the untreated lake. During late summer 1992 the untreated lake had a 

metalimnetic oxygen maximum (Wetzel 1983) that was greater than 15 mg/L (indicated 

by arrows in Figure 4). 

pH, Acidity and Alkalinity 

Most of the water column of both lakes had a pH near 3.0 (Figure 5). The exception 

occurred during summer stratification when pH rose in both lakes. The highest pH (6.0) 
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was measured at the very bottom of the treated lake during the summer of 1993. During 

fall 1991 the whole water column of the untreated lake reached a pH of 4.0. 

Acidity of both lakes remained between 100 and 200 mg/L CaC03 during most of the 

study (Figure 6). Alkalinity could only be measured in the hypolimnion of the treated 

lake during the summer of 1993 after all manure had been added (Figure 7). 

Sulfate and Sulfide 

During 1992 the sulfide concentration of the treated lake hypolimnion reached 0.2 mg/L 

but during 1993 it reached 0.4 mg/L(Fig. 8). Sulfide was undetectable in the untreated 

lake during the summer. Low levels of sulfide were distributed throughout the water 

column during fall 1991. Sulfate concentrations were similar in both lakes (about 800 

mg/L)(Figure 9). 

Aluminum and Iron 

Aluminum concentrations were nearly constant throughout the water columns of both 

lakes during this study. Although it is not evident from Figure 10, aluminum concentra¬ 

tions declined to values less than 1 mg/L at 6 m depth in the treated lake from mid-June 

to September 1993. Overall aluminum concentrations were lower in the untreated lake 

during the whole study, but they never declined below 1 mg/L. 

Measurable dissolved iron appeared in the hypolimnia of both lakes during the summer 

(Figure 11). The iron concentration was, however, greatest (75 mg/L) at 6 m in the 

treated lake during 1993. 

Total Phosphorus 

Total phosphorus concentrations were mostly unchanged in both lakes except for the 

hypolimnion of the treated lake during the summer of 1993 (Figure 12). At that time 

total phosphorus concentrations reached 2,000 pg/L - a level seen in the hypolimnia of 

only the most highly eutrophic lakes (Wetzel 1998; Brady 1999). 

Transparency 

In spite of the additions of nutrient-rich cow manure, water clarity did not vary much 

during this study (Figure 13). What variation did occur was not related to the timing of 

the cow manure additions. 

Summary of Physical and Chemical Changes in Both Lakes 

The largest changes in physical and chemical variables were seen in the treated lake dur¬ 

ing the summer of 1993 after all cow manure had been added. Oxygen levels were low 

throughout the water column. Alkalinity, pH, dissolved iron, total phosphorus and sul¬ 

fide reached their highest levels in the lake hypolimnion. Aluminum declined. Acidity 

and sulfate were unchanged. Similar changes did not occur in the untreated lake. 

DISCUSSION 

The changes in the hypolimnion of the treated lake occurred in a sequence consistent with 

the Anderson and Schiff (1987) lake neutralization model and were similar to changes 

observed by Sigg et al. (1991) in the Greifensee, a eutrophic Swiss lake of moderate pH. 
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Oxygen disappeared, pH, sulfide, phosphorus, and iron increased in late spring or sum¬ 

mer each year, as aluminum decreased. These changes were more pronounced in the 

summer of 1993, and indeed only then was alkalinity detectable. Presumably, the addi¬ 

tional time allowed more decomposition of the cow manure. 

The addition of nutrient-rich organic matter did not seem to change the trophic status of 

the treated lake. While it is true that deep water total phosphorus levels increased when 

the cow manure was added, there was no decrease in lake transparency due to the organic 

matter additions (Figure 13). 

Alkalinity Production by Added Organic Matter 

Although the pH of the deep water of the treated lake did begin to rise after organic mat¬ 

ter was added, there was insufficient alkalinity to raise the pH of the whole lake. It is 

clear that each mole of organic carbon consumed in sulfate reduction should produce at 

maximum 2 equivalents of acid neutralizing capacity assuming that all of the organic 

matter added could be metabolized by the bacteria present. If this is true, then the 

amount of organic matter added to the lake (1970 kg) should have reduced the acidity of 

the lake by 2.6 milliequivalents per liter (130 mg CaC03/l). While that addition might 

not have entirely removed all acidity from the lake, it should have caused a greater 

reduction in acidity than we saw. 

The production rate of Acid Neutralizing Capacity (ANC) by the treated lake sediment 

can be estimated from the changes in alkalinity and acidity in the hypolimnion. We esti¬ 

mate net ANC by subtracting our measured acidity from alkalinity. From March to 

August 1993 net ANC increased in a linear fashion (Figure 14) at a rate of 0.033 

meq/l/day. Assuming aim thick hypolimnion, the rate of ANC generation by the sedi¬ 

ment was 330 meq/m2/day. A similar calculation made with Sigg et al.'s (1991) data from 

the Greifensee yields a rate of 136 meq/m2/day. This rate of ANC generation is much 

higher than that inferred by Brugam et al. (1988), Giblin et al. (1990), and Norton et 

al.(1988) using the accumulation rates of reduced sulfur compounds in the lake sediment. 

Our calculated rate of ANC generation also explains why the pH of the whole lake was 

not raised by our cow manure addition. The area of the lake at 6 m depth was 1200 m2. 

In total the hypolimnetic sediment produced 396 eq of ANC per day (1200 m2 x 330 meq 

ANC/m2/day = 396 eq ANC/day). Although the generation rate of ANC was higher in 

the treated lake than in other lakes reported in the literature (Brugam et al. 1988; Giblin et 

al. 1990; Norton et al. 1988), the total amount of acidity in the lake was higher still 

(2xl06 eq). The rate of ANC generation was far too slow to remove all of the acidity in 

the treated lake over any reasonable time period although it did increase pH and alkalinity 

in the hypolimnion for a time. We hypothesize that the thermal stratification of the lake 

prevented the circulation of acidic water into the hypolimnion of the treated lake during 

the summer of 1993 allowing ANC to build up. 

Although the rate of ANC generation was high in the treated lake, a number of factors 

could have reduced the efficiency with which anaerobic processing occurred in this lake. 

The low pH of the lake water itself might have reduced the rate of sulfate reduction in the 
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treated lake. Gyure et al. (1990) found that sulfate reducing bacteria from a pH 3.8 coal 

mine lake had an optimal pH for sulfate reduction of 5.0. 

Vastly increased organic matter loading might have allowed us to keep the deep waters of 

the lake at a sufficiently low redox potential to cause neutralization. Such additions 

might have caused the whole lake to become anaerobic resulting in a pollution problem 

different from acid mine drainage. Kleeburg (1998) has suggested that the addition of 

organic matter to acid surface mine lakes would eventually sequester iron as FeS, liber¬ 

ating phosphate from the lake sediment causing a massive eutrophication problem. Dur¬ 

ing the summer of 1993 it appears that this process had begun in the hypolimnion of the 

treated lake. 

A factor that influences the effectiveness of bacterial iron and sulfate reduction in 

removing sulfuric acid from water is the sensitivity of the process to changes in tem¬ 

perature. Gyure et al. (1990) found that bacterial sulfate reduction is highly temperature 

sensitive proceeding most rapidly at 37° C — an unlikely temperature in Midwestern U.S. 

lakes. Cooler temperatures cause proportionate reductions in metabolic rates. Herlihy 

and Mills (1985) in a study of Lake Anna, Virginia, found that sulfate reduction rates 

were lowest in winter and highest in summer. In our study, this temperature sensitivity of 

bacterial sulfate reduction means that alkalinity generation would be most vigorous in 

summer. 

It is probable that the location of most sulfate reduction is the sediment. Anderson and 

Schiff (1987) point out the ubiquity of sulfate reduction within a few centimeters of the 

sediment/water interface in lakes. If the major effect of cow manure addition in the 

treated lake was to increase sulfate reduction in the sediment, then alkalinity generation 

would have been limited by the diffusion of sulfate into the sediment and alkalinity out of 

the sediment. Schiff and Anderson (1986) analyzed pore water from epilimnetic sedi¬ 

ments in eight lakes and found that the zone of sulfate consumption was deepest in the 

two most acid lakes and that the alkalinity flux from the sediments was least in those 

lakes. 

It may be that cow manure additions did not raise the pH in the whole water column of 

the treated lake because the input of acid from surrounding spoil banks overwhelmed 

alkalinity production from the sediment. The treated lake is small and receives a heavy 

input of acid water from an adjacent lake during rainy periods. The hydraulic retention 

time of the treated lake is also probably too short in relation to the rate of ANC genera¬ 

tion to allow the accumulation of significant alkalinity in the water column. It is likely 

that rates of water flow through the treated lake varied from season to season. Baker et 

al. (1986) emphasize the importance of long hydraulic residence times in the removal of 

sulfuric acid contamination in lakes by sulfate reduction. Our pH rises occurred in the 

summer, when thermal stratification and low water levels extended hydraulic retention 

times. 

Finally, one might argue that the cow manure itself may have kept the lake acid. Nitrifi¬ 

cation (the oxidation of ammonium to nitrate) releases 2 equivalents of acid per mole of 

ammonium (Baker et al. 1985). Raw cow manure contains large amounts of reduced 

nitrogen compounds (Table 1). If all of the nitrogen added to the treated lake were oxi- 
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dized to nitrate only 0.27 meq/L of acid would be produced. Thus, oxidation of reduced 

nitrogen compounds in the cow manure is unlikely to have confounded the neutralization 

effects we expected. 

Our field experiment can be compared with work by Davison (1986) who added hydrated 

lime and a slurry of human sewage to a pond in an acid sand quarry in England. His 

pond was similar in volume to our treated lake and his addition rates of organic matter 

were similar to ours. His work was different from ours because he added calcium 

hydroxide with the organic matter. Davison's additions caused rapid neutralization, but it 

is difficult to differentiate the effect of the hydrated lime from that of the organic matter 

in his experiment. It may be that additions of chemical neutralizing agents might enhance 

the effect of added organic matter. 

CONCLUSIONS 

Our results show that bacterial sulfate and iron reduction can raise the pH of waters con¬ 

taminated by sulfuric acid. However, the simple addition of moderate amounts of organic 

substrate to waters contaminated with sulfuric acid may not be adequate to remove acid¬ 

ity in the whole lake because bacterial activity is limited by a number of chemical and 

physical processes including low temperature and low pH. Furthermore, lakes with short 

hydraulic retention times receiving much additional acidity from surface and subsurface 

inputs will require much larger amounts of organic matter additive than lakes in which 

water is retained for a long time. The potential to exchange one form of pollution 

(organic matter) for another (sulfuric acid) suggests that organic matter additions be done 

carefully. 
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Table 1. Comparisons of the treated and untreated lakes. 

Treated Lake Untreated Lake 

Pit C Pit Y 

Maximum Depth (m) 6 11 

Surface Area (ha) 2.1 1.4 

Volume (m3) 50,000 100,000 

pH 3.1 3.8 

Acidity (meq/1) 4.0 2.0 

Location (Latitude) 47°50'30"N 47°50'00"N 

(Longitude) 89°14'30"W 89°15'30"W 

ADDITIVES 

Total cow manure added (kg) 9,092 0 

Total organic matter added(kg) 1,970 0 

Total P added in cow manure (kg) 28 0 

Total Kjehldahl N added in cow manure (kg) 

94 0 

LOADING RATES 

cow manure g/m2 408 0 

organic matter g/m2 94 0 

Total P g/m2 1 0 

Total Kjehldahl N g/m2 2 0 
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Figure 1. Dates and amounts of cow manure additions to the Treated Lake. 
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Figure 2. Variations in water level in the study lakes. 
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Figure 3. Lake temperature. Contour interval = 10°C. 
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Figure 5. Lake pH. Contour interval= 2 pH units. 
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Figure 7. Lake alkalinity. Contour interval=24 mg/L CaC03. 
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Figure 9. Lake sulfate concentrations. Contour interval=400 mg/L. 
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Figure 11. Lake iron concentrations. Contour interval=25 mg/L. 
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Figurel3. Secchi disc transparency in meters. 
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Figurel4. Variations in acid neutralizing capacity (ANC) in the hypolimnion of the 

treated lake from March to August of 1993. ANC cannot be calculated for the 
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ABSTRACT 

The bleeding shiner, Luxilus zonatus (Agassiz in Putnam, 1863), occurs in northeastern 

Arkansas and much of southern Missouri, including tributaries of the lower Missouri 

River and tributaries of the Mississippi River from its confluence with the Missouri River 

to the northern edge of the Missouri Bootheel (Pflieger, 1997; Robison and Buchanan, 

1988). Smith (1979) did not report L. zonatus from Illinois nor was it found in the Big 

Muddy River drainage based on collections through 1992 (Burr and Warren, 1993). 

On 7 July 1999, one of us (TMH) collected a 34.0 mm SL (42.3 mm TL) cyprinid in 

Kinkaid Creek directly below the Kinkaid Lake spillway in Jackson County, Illinois (Big 

Muddy River drainage) using a seine. The cyprinid was identified as Luxilus zonatus 

based on several characteristics, including red-orange pigment in the dorsal and caudal 

fins, a prominent mid-lateral stripe with a narrow stripe above it, a broad, dark, mid-dor¬ 

sal stripe, a black bar extending ventrally from the mid-lateral stripe towards the pectoral 

fin base (on the body just behind the opercle), and 42 lateral-line scales. The specimen 

was cataloged in the Southern Illinois University at Carbondale Fluid Vertebrate Collec¬ 

tion (SIUC 35820). 

Bleeding shiners typically inhabit clear, gravel-bottomed streams and rivers (Pflieger, 

1997). The streambed of Kinkaid Creek is mud predominantly; however, some patches 

of gravel and cobble substrates are present in Kinkaid Creek, and a small tributary down¬ 

stream of the spillway is clear with a rocky substratum. We sampled the Kinkaid Creek 

site and the tributary on 8 July 1999 but did not capture any additional specimens. 

The single specimen of Luxilus zonatus could have reached Illinois waters naturally 

because of the proximity of Illinois to the native range of the species, or the minnow 

could have been a bait-bucket introduction. 
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ABSTRACT 

An American porcupine was observed in northern Illinois during the night of 11 Septem¬ 

ber a second observation on 13 September 1998. Photographic evidence and quills were 

collected during the second encounter. The two observations occurred in the Busse 

Woods Forest Preserve located in Cook County. This is the most recent observation of 

this species in the state of Illinois. 

An American porcupine (Erethizon dorsatum) was observed foraging on two separate 

nights in 1998. The first observation occurred on 11 September at 0130 and the second 

on 13 September at 2330. The two observations occurred on the Busse Woods Forest 

Preserve (BWFP). BWFP is part of the Cook County Forest Preserve District. 

The BWFP is a study area for a research project investigating the ecology of urban rac¬ 

coon (Procyon lotor) populations. The preserve was monitored three to five time per 

week, with at least one nocturnal monitoring session. Both porcupine observations 

occurred during the nocturnal session. During the first observation, the porcupine was 

observed for 30 minutes. The duration of the second was 60 minutes in length. At this 

time, quills and photographs were taken for evidence. The external condition and 

behavior of the porcupine was noted on both occasions. It seemed to be foraging in a 

short-grass area within 25m of a woodlot. Both sightings occurred within 100m of each 

other. The porcupine was judged to be the same animal during both observations, based 

on distinctive physical characteristics. The animal was missing hair from the forehead, 

and had mucous around its mouth. The physical appearance indicated stress, and was 

similar to symptoms of other animals observed by Roze (1989) and Dodge (1982). 

There is little information available on the distribution of the porcupine in this region 

Parmalee (1962 and 1967) found prehistoric remains in Illinois, but there is little evi¬ 

dence that this species currently exists in Illinois. Hoffmeister (1989) does not include 

the porcupine in his account of current Illinois mammals, however he lists it as occurring 

in the states fossil record. Gregory (1936) included the porcupine in his account of the 

Mammals of the Chicago Region. This was based on one female that was found in the 
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Barrington region of the state. It is unknown whether this was a wild individual, or had 

escaped from captivity. 

Lyon (1936) and Mumford (1969) both documented observations of porcupines in Indi¬ 

ana between 1832 and 1910. The distribution of these records is highest in the northern 

portion of the state, in addition, the most recently documented observations occur in this 

area. Jackson (1961) found that porcupines are common in the northern counties of Wis¬ 

consin, but are a rare visitor to the southern portion of the state. Few records have been 

recorded in the counties of these two states that border Illinois. 

BWFP is a portion of the 1,497 ha Ned Brown Preserve (NBP). The majority of the 

woodland habitat within the NBP is contained in the BWFP (177 ha). The remaining 

habitat within NBP consists of grass fields, marshes, lakes, and woodlots. The woodland 

area consists primarily of white oak (Quercus alba), sugar maple (Acer saccharum), ash 

{Fraxinus sp.), and basswood (Tilia americana). The region also contains a variety of 

wildflowers, which flourish in the fields of the NBP. The porcupine is known to forage 

on these hardwoods as well as a variety of wildflower species (Dodge, 1982 and Roze, 

1989). A substantial source of food and available habitat, indicates that this area could 

possibly support a porcupine population (Dodge, 1982 and Roze, 1989). One of the 

major factors, which may limit the occurrence of this species in the area, is human activ¬ 

ity (Woods, 1973 and Roze, 1989). The surrounding area of the BWFP is highly urban¬ 

ized with major highway systems, residential area, and industrial locations near this forest 

preserve. Porcupine are mainly solitary animals (Woods, 1973), and tend to avoid con¬ 

tact with humans and highly developed areas. The main reasons why this species would 

seek out humans are because man-made structures provide occasional shelter in addition 

to providing a higher mineral availability (Dodge, 1982 and Roze, 1989). This type of 

contact is usually limited to areas with heavily wooded or mountainous habitats, where 

the presence and activity levels of humans is low (Roze, 1989). 

It is not possible to determine if this observation is indicative of a range expansion for 

this species or an accidental movement into the area. The possibility that this animal 

escaped or was released from captivity also exists. It is not unheard of that wild species 

such as the porcupine are kept as pets (Woods, 1973). This may be a viable explanation 

why a species such as this was found in such an urbanized area. The injuries, which the 

specimen displayed, may have resulted from mishandling while it was in captivity, or 

possibly as a result of its movement. Malnutrition, conflicts with traffic, or domesticated 

animals may have also been responsible for its condition. The documentation of addi¬ 

tional porcupines in the area may help confirm or deny a possible range expansion of this 

species. 
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ABSTRACT 

Historical distribution of the badger (Taxidea taxus) in Illinois has been difficult to track 

and the current range has not been examined thoroughly. We collected historical data 

and current records from a variety of sources. From 1800-1950 the records were 

restricted to the northern two-thirds of the state. Currently badgers occur throughout the 

state. There is not enough evidence to either support or dispute a temporary range con¬ 

striction during any period. The species has expanded into the southern one-third of the 

state from its pre-European settlement range, but timing of the expansion is unclear. 

INTRODUCTION 

The American badger is associated with open habitats such as prairies and rangelands 

(Lindzey 1982). When Europeans first settled in Illinois, tallgrass prairie communities 

dominated the northern two-thirds of the state (Anderson 1970, Schwegman 1973). The 

southern one-third of Illinois was primarily forested, but prairie patches of varying sizes 

were interspersed through some of the region (Anderson 1970; J. White, pers. comm.). 

Pre-settlement distribution of badgers was likely restricted to the northern prairie region 

(Gremillion-Smith 1985). Hoffmeister and Mohr (1972) speculated that badgers were 

nearly extirpated in Illinois by the late 1800’s but became reestablished in the northern 

one-half of Illinois by the 1970's. Recent records document range expansion into the 

southern part of the state (Klimstra and Roseberry 1969, Hubert 1978, 1979, and 1980, 

Gremillion-Smith 1985, Hoffmeister 1989), likely due to the clearing of forested regions 

(Gremillion-Smith 1985). However, a systematic evaluation of this species' current dis¬ 

tribution in Illinois is lacking. In addition, historical data have not been scrutinized 

closely to determine possible changes in distribution since the 1800's. Thus, our objec¬ 

tives were to review historical data to infer possible changes in badger range since Euro¬ 

pean settlement, circa 1820, and to elucidate current distribution of this species in Illinois. 

METHODS 

We surveyed scientific sources, popular and newspaper articles, and published county 

histories to locate records of badger occurrences from the 1800's to 1977 (Appendix). 
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We also surveyed Illinois mammal collections and contacted county and local historical 

societies for possible unpublished sources of records. 

Badger sightings have been recorded with increasing frequency from 1800 to present. 

This is due to many factors, including the establishment of a state natural resources 

agency, training of wildlife biologists and zoologists, increased human population, and 

public education and awareness. Thus, observation effort among intervals within this 

time period clearly differs. Increased efforts began in 1977 among Illinois Department of 

Natural Resources (IDNR) staff to actively record badger sightings. Because this repre¬ 

sents a distinct change in the effort made in determining badger distribution, we compare 

long term historical data only until 1977. All records following that period are included 

in the current distribution map. 

We grouped historical badger records into three periods based on changes in land use 

practices (Warner 1994, Mankin and Warner 1997). From 1800 to 1900 (Period I), much 

of the prairie was converted to use for production of livestock. From about 1900 to 1950 

(Period II) small farms with diverse cropping systems dominated the landscape. Period 

III (1950-1977) was characterized by intensive row crop farming with regular and fre¬ 

quent use of heavy equipment and chemical fertilizers and pesticides. The exact dates 

used to delineate these periods are somewhat arbitrary. Many of the records found in 

county histories did not provide precise dates. When these vague dates fell in the early 

1900's we still included the sighting in the Period I map. In all these cases, the histories 

were certainly referring to badgers being present at the time of European settlement, but 

up to what date the species was considered present is not clear. 

We collected current (1977-1995) badger records using a variety of methods as part of a 

broader six-year badger research program. Sources of records included IDNR records, 

nuisance animal permits and salvage permits. We obtained records from a federal aid- 

funded survey of archery deer hunters targeting furbearer sightings. This survey was 

conducted statewide from 1991-1996. The number of survey respondents ranged from 

1,239-2,877. We also surveyed fur trappers in 1989 (Warner and Ver Steeg 1995) and 

retrieved similar information for 1993 (Anderson 1995). The respondents were distrib¬ 

uted statewide and numbered 1,234 in 1989 and 577 in 1993. In addition, we collected 

sightings from the public which were reported in response to informational posters and 

project publicity. Lastly, we compiled reports from employees of the Illinois Department 

of Transportation of badgers found dead on the road, in response to a memo requesting 

this information. 

The validity of badger sightings from counties without previous records was confirmed 

by follow-up discussion with observers. Several characteristics and behaviors of badgers 

were considered diagnostic in confirming authentic sightings, including detailed head and 

face markings, locomotion, scent, and vocalizations. 

Reports from counties with previous records were also scrutinized for diagnostic features, 

but not all observers were contacted directly. For these records we relied on IDNR 

employees to evaluate reliability of observers from whom they collected reports. 
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We attempted to determine regions where badgers were potentially transient as opposed 

to resident by assuming that breeding would occur only if a resident population existed. 

We confirmed that badgers bred in a given county if a lactating female was reported (e.g., 

evidence often from recovered carcasses), or if juveniles were observed from March 

through August, when they are easily distinguishable from adults. 

We used wildlife management units (WMU's, Hubert 1977) to delineate different regions 

within the state. WMU's are based on the natural divisions of Illinois (Schwegman 1973) 

and take into account regional differences in several factors, including original native 

vegetation, topography, soils, agricultural practices, human population, and harvest of 

some game species. 

RESULTS 

We found a large number of sightings prior to 1900 (Figure 1). All records were from 

county histories, published papers, or private journal accounts by naturalists, historians, 

and explorers. Most sightings were reported in county histories. We considered these 

reliable because local natural history observations were usually written by a person 

familiar with the county rather than an outside source referencing county public records. 

The distribution of these records reflects the original distribution of prairie in the state. 

Records were less plentiful during the period 1900-1950, and they are distributed in the 

northern one-half of the state (Figure 2). A single scientific survey (Mohr 1943) 

accounted for most of these records. Others came from published natural history 

accounts, and a few from museum or university collections. We distinguished between 

natural history observations (notes on species occurrence) and scientific articles (reports 

on methodical collection of data on species distribution). 

Records from Period III were concentrated in original prairie habitats, but one record 

came from a mostly-forested southeastern county where the species was not recorded 

previously (Figure 3). Records are from a variety of sources, including observations and 

reports by biologists, and a great number of museum specimens. 

Badgers are currently distributed and breed throughout Illinois (Figure 4). We failed to 

confirm sightings of badgers in only four counties. Although breeding badgers have not 

been documented in every county, evidence of breeding badgers was obtained from all 

WMU's except the Wabash Border WMU. 

DISCUSSION 

Records of badgers from 1800-1900 are consistent with the hypothesis that the distribu¬ 

tion of badgers mirrored that of the prairie (Figure 1). Although it is possible that badg¬ 

ers occurring in far southern Illinois were not recorded, we consider this unlikely. Early 

European settlers were concentrated in the southern one-fourth of the state (Pooley 1908), 

making it probable that badgers would have been noted had they been present. The map 

for 1900-1950 (Figure 2) suggests that badgers were restricted to the northern one-half of 

Illinois, whereas more recent data again show almost statewide distribution (Figure 3). 

These data are consistent with the hypothesis that the species was once nearly extirpated 
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in Illinois, eventually reestablishing in the northern one-half of the state (Hoffmeister and 

Mohr 1957). 

However, the number of records is most limited during Period II. It is unclear whether 

badgers were not present, or little effort was made to record sightings. We found only 

one county history providing natural history observations during Period II, although this 

type of source accounts for many of the records in Period I. 

Effort invested in scientific observations probably increased in Period II, when biologists 

began to add specimens of badgers to museum collections and a large scale review of 

monthly licensed trapper reports was conducted (Mohr 1943). Despite more organized 

efforts, distribution of an uncommon, secretive species with low economic value may still 

have been inadequately assessed. The report forms used by Mohr did not include a spe¬ 

cific request for sightings of badgers, but instead allowed respondents to offer that infor¬ 

mation, which is probably an insufficient method for establishing distribution of this 

species. Survey respondents are less likely to volunteer information than to "check 

boxes" (Fowler 1988). 

Furthermore, although Mohr's project was intended to be a comprehensive statewide 

survey of licensed fur takers, he estimated that less than 10% of all fur takers (licensed 

and unlicensed) responded. In addition, this study was conducted over a short period. 

The county histories available for Period I effectively provide multiple widely scattered 

observers recording species sightings over a period of decades. Mohr's study included 

multiple observers (fur takers), but they only reported sightings during 5 years. Thus, 

although Mohr's work represented a monumental effort and the best alternative in the 

1930's-40's, it still probably did not reliably establish the distribution of badgers. 

If badger density was relatively low in Period II, the number of sightings might also 

decline, even if the distribution of badgers remained relatively stable. Habitat deteriora¬ 

tion is one of the most important factors in declines of wildlife species (Caughley and 

Sinclair 1994). Habitat quality for badgers has probably continued to decline through the 

three periods, from prairie to diverse farming to intensive farming; it was not least suit¬ 

able during Period II. The most dramatic changes in Illinois' landscape occurred by the 

end of Period I. Most dry and mesic prairie had been converted to farm and pastureland, 

and most forests had been cleared (Mankin and Warner 1997). In Period II, replacement 

of native prairie by a mosaic of small farms led to an overall decline in typical badger 

habitat. However, recent work has shown that badgers are remarkably adaptable and able 

to survive in today's intensively farmed landscape, in part by using alternative grassland 

habitats such as pastures, hay fields, roadsides, and fencelines (Warner and Ver Steeg 

1995). The amount of this grassy habitat was approximately 50% higher in Period II than 

in Period III (U.S. Bureau of the Census 1913, 1932, 1942, 1952, 1967, and 1977, Man- 

kin and Warner 1997). Thus, we do not believe that lower abundance of badgers in 

Period II would be the result of changes in habitat quality. 

Other possible causes of a decline in badger abundance in Period II include pesticide use 

and direct human impact from trapping and hunting. Neither factor should have caused 

badgers to be least abundant in Period II. Peak use of all pesticides, including the espe¬ 

cially toxic and persistent chlorinated hydrocarbon pesticides, occurred in Illinois well 
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after 1950 (Illinois Department of Energy and Natural Resources 1994). The badger, a 

species that may have been harassed and killed by landowners who considered their bur¬ 

rows a nuisance, was legally protected in Illinois by 1937. Although trapping and hunt¬ 

ing may have had localized effects on badger abundance, in Illinois the species has never 

had a high pelt value that would encourage extensive exploitation. 

Data on the current distribution of badgers and documentation of breeding indicate that 

badgers are ubiquitous in Illinois. However, there are fewer records of breeding from 

southern counties (Figure 4), which might be accounted for by fewer total observations 

for this portion of the state. The expansion of badgers into this part of the state was 

facilitated by deforestation for agriculture and mining (Gremillion-Smith 1985). In the 

southernmost 16 counties, forested land dropped from 91% in 1820 to 29% in 1985 (Iver¬ 

son et al. 1989). Although conversion of native prairie for agricultural use in much of 

Illinois caused a decline in habitat quality for badgers, conversion of forest for agriculture 

and mining increased the distribution of usable habitat for the species. The badger repre¬ 

sents a native Illinois species that has benefited from forest fragmentation and loss. 

In conclusion, we cannot resolve whether the abundance of badgers declined and/or their 

distribution contracted during Period II, or whether the apparent decline was due to lack 

of records. Because we did not find any biological basis for the range to have been con¬ 

stricted during 1900-1950, we consider it unlikely to have occurred. It seems clear from 

the historical data, however, that an expansion of the distribution of badgers into southern 

Illinois occurred sometime following European settlement, eventually resulting in the 

current statewide distribution. 
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Figure 1. Distribution of badger sightings by county from 1800-1900. Shading repre¬ 

sents pre-settlement forest (Anderson 1970). Account types are as follows: E 

= explorer account, H = published county history, J = private journal account, 

N = published natural history account. 
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Figure 2. Distribution of badger sightings by county from 1901-1950. Shading repre¬ 

sents forest distribution in the early 1990's (Luman et al. 1996), a data set that 

most closely approximates forest during this period. Account types are as 

follows: H = published county history, M = museum specimen, N = published 

natural history account, X = record from Mohr, 1943. 
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Figure 3. Distribution of badger sightings by county from 1951-1977. Shading repre¬ 

sents forest distribution in the early 1990's (Luman et al. 1996), a data set that 

most closely approximates forest during this period. Account types are as 

follows: B = reports by biologist (see Hubert 1978, 1979, and 1980), H = 

published county history, M = museum specimen, N = published natural his¬ 

tory account. 
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Figure 4. Current Illinois badger distribution. Heavy lines designate wildlife manage¬ 

ment units (Hubert 1977). 
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APPENDIX 

Sources used to create historical distribution maps. 

Map Source 

1800-1900  . 1866. Logan County History. Interstate Publishing Co., Chicago. 

909 pp. 

_. 1878. History of Knox County, Illinois. Blakely, Brown & Marsh, 

Printers. Chicago. 718 pp. 

_. 1878. The history of Jo Daviess County, Illinois. H.F. Kett and 

Company. Chicago. 845 pp. 

_. 1879. History of Fulton County, Illinois. Chas. C. Chapman & Co. 

1090 pp. 

_. 1880. History of Christian County, Illinois. Brink, McDonough & 

Co., Philadelphia. 430 pp. 

_. 1881. History of Mercer and Henderson Counties. H.H. Hill and 

Company, Publishers, Chicago. 1414 pp. 

_. 1881. The history of Marion and Clinton Counties, Illinois. Brink, 

McDonough & Co., Philadelphia. 

_. 1881. The history of St. Clair County, Illinois. Brink, McDonough 

& Co., Philadelphia. 

_. 1882. Combined history of Schuyler and Brown Counties, Illinois. 

W.R. Brink & Co., Philadelphia. 412 pp. 

_. 1929. Early history of Washington, Illinois and Vicinity. Tazewell 

County Reporter. Washington, Illinois. 148 pp. 

Angle, P.M., ed. 1968. Two years' residence on the English prairie of Illi¬ 

nois; By John Woods. R.R. Donnelley & Sons Company, Chicago. 237 

pp. 

Baldwin, E. 1877. History of La Salle County, Illinois. Rand, McNally & 

Co., Chicago. 552 pp. 

Banton, O.T., ed. 1976. History of Macon County 1976. Macon County 

Hist. Soc. 555 pp. 
Bateman, N, P. Selby and W.A. Lorimer, eds. 1903. Historical encyclope¬ 

dia of Illinois and history of Mercer County. Munsell Publishing Com¬ 

pany, Chicago. 798 pp. 

Bateman, N. and P. Selby, eds. 1907. Historical encyclopedia of Illinois 

and history of St. Clair County. Vol II. Munsell Publishing Company, 

Chicago. 1171 pp. 
Bateman, N., P. Selby and H.F. Dyson, eds. 1908. Historical encyclopedia 

of Illinois and history of Schuyler County. Munsell Publishing Com¬ 

pany, Chicago. 975 pp. 
Bateman, N. and P. Selby, eds. 1910. Illinois historical Lawrence County 

Biographical. Munsell Publishing Company, Chicago. 760 pp. 

Bateman, N. and P. Selby, eds. 1914. Historical encyclopedia of Illinois 

and history of Kendall County. Vol. II. Munsell Publishing Company, 

Chicago 1078 pp. 
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Map 

1800-1900 

1901-1950 

1951-1977 

Source 

Bateman, N., P. Selby and H.L. Fowkes, eds. 1918. Historical encyclope¬ 

dia of Illinois and history of Christian County. Vol II. Munsell Pub¬ 

lishing Company, Chicago. 1014 pp. 

Bateman, N., P. Selby and J. Heylin, eds. 1908. Historical encyclopedia of 

Illinois and history of Fulton County. Munsell Publishing Company, 

Chicago. 1183 pp. 

Bateman, N., P. Selby and C.E. Wilson. 1906. Historical encyclopedia of 

Illinois and history of Coles County. Munsell Publishing Company, 

Chicago. 886 pp. 

Conant, H. 1940. Des Plaines Hist. Quart. 2:57-61, 72-75, 84-87. 

Duis, E. 1874. The good old times in McLean County, Illinois. The 

Leader Publishing and Printing House, Bloomington, IL. 865 pp. 

Gregg, T. 1880. History of Hancock County, Illinois. Chas. C. Chapman 

& Co., Chicago. 1036 pp. 

Hair, J.T., compiler. 1866. Gazetteer of Madison County, Illinois. J.T. 

Hair, Alton, IL. 292 pp. 

Hicks, E.W. 1877. History of Kendall County, Illinois, from the earliest 

discoveries to the present time. Knickerbocker and Hodder, Steam 

Printers and Blank Book Makers, Aurora, IL. 438 pp. 

Keating, W.H., compiler. 1825. Narrative of an expedition to the source of 

St. Peter's River, Lake Winnepeek, Lake of the Woods, etc. Performed 

in the year 1823, by the order of the Hon. J.C. Calhoun, Secretary of 

War, under the command of Stephen H. Long, U.S.T.E. Geo. B. Whit¬ 

taker, London, 2 vols. 

Kennicott, R. 1855. Catalogue of animals observed in Cook County, Illi¬ 

nois. Trans. Ill. State Agric. Soc. 1:577-595. 

Leonard, D.P. 1968. Big Bureau and bright prairies. De Sauliniers & 

Company, Moline, IL. 260 pp. 

Piatt, E.C. 1883. History of Piatt County. Shepard and Johnston, Chicago, 

IL. 634 pp. 

Poison, T.E., ed. 1968. Corn, commerce, and country living: a history of 

Henry County, Illinois. De Sauliniers & Company. Moline, IL. 360 pp. 

Thwaites, R.G., ed. 1905. Original journals of the Lewis and Clark Expe¬ 

dition, 1804-1806. Dodd, Meade, and Company, New York. 6 vols. 

Walker, C.A., ed. 1911. History of Macoupin County, Illinois. The S.J. 

Clarke Publishing Company, Chicago. Vol. I. 443 pp. 

Wright, J.A., ed. 1854. Prairie Farmer, 14: 320. 

Cory, C.C. 1912. The mammals of Illinois and Wisconsin. Field Museum 

Publication 153, Zoology 11:1-505. 

Thiem, E.G., ed. 1968. Carroll County: a goodly heritage. Kable Printing 

Company, Mt. Morris, IL. 485 pp. 

University of Illinois Museum Collection 

Anderson, E.P. 1951. The mammals of Fulton County, Illinois. Bull. Chi¬ 

cago Acad. Sci. 9:153-188. 

Burpee Museum Collection 

Gremillion-Smith, C. 1985. Trans. Ill. Acad. Sci. 78:111-114. 
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Map Source 

1851-1977 Hubert, G.H., Jr. 1978. Badger status evaluation. Illinois Dept, of Conserv., 

P-R Proj. Rep. W-49-R-25, Study I, Job 7. 12pp. 

Hubert, G.H., Jr. 1979. Badger status evaluation. Illinois Dept, of Con¬ 

serv., P-R Proj. Rep. W-49-R-26, Study I, Job 7. 4pp. 

Hubert, G.H., Jr. 1980. Badger status evaluation. Illinois Dept, of Con¬ 

serv., P-R Proj. Rep. W-49-R-27, Study VII, Jobs 1 & 2. 12 pp. 

Field Museum Collection 

Klimstra, W.D. and J.L. Roseberry. 1969. Additional observations on 

some southern Illinois mammals. Trans. Ill. Acad. Sci. 62:413-417. 

Knox College Museum Collection 

Koestner, E.J. 1941. Some recent records of central Illinois mammals. 

J.Tenn. Acad. Sci. 26:46-47. 

Lynn, R.W. 1968. Prelude to progress: the history of Mason County, Illi¬ 

nois 1818-1968. Mason County Board of Supervisors. 432 pp. 

Mohr, C.O. 1943. Illinois furbearer distribution and income. Ill. Nat. Hist. 

Surv. Bull. 22:505-537. 

Sanborn, C.C. 1930. Notes from northern and central Illinois. J. Mammal. 

11:222-223. 

Thiem, E.G., ed. 1968. Carroll County: a goodly heritage. Kable Printing 

Company, Mt. Morris, IL. 485 pp. 

University of Illinois Museum Collection 

Wood, F.E. 1910. A study of the mammals of Champaign County, Illinois. 

Bull. Ill. State Lab. Natural Hist. 8:501-613. 
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ABSTRACT 

We compiled data from a variety of hunter and trapper surveys and sighting records (n = 

3,123) to provide a current record of bobcat (Lynx rufus) distribution and relative abun¬ 

dance throughout the state. A subset (n = 2,212) of these data was used to analyze 

regional and annual trends in abundance. Bobcats were sighted in 99 of 102 Illinois 

counties, and trends from multiple types of surveys suggested that abundance increased 

throughout the state during the 1990s, especially in the 16 southernmost Illinois counties. 

There were >30 reported sightings of bobcats from each of 17 counties which we defined 

as indicative of a high resident bobcat population. Counties with the most overall sight¬ 

ings were Union, Jackson, and Johnson. Only DeKalb, Piatt, and Stark counties had no 

sightings during the study period. We concluded that the bobcat was widely distributed 

in Illinois and no longer warranted classification as “threatened” as defined by the Illinois 

Endangered Species Protection Board. 

INTRODUCTION 

Bobcats (Lynx rufus) in Illinois were first protected by the Wildlife Code of 1971 (Public 

Act 77-1781, Illinois Revised Statute 61, Section 2.30) effective 1 July 1972. Further 

action to protect bobcats was taken when the Illinois Endangered Species Protection 

Board held a public hearing 12 October 1977. Following this meeting, bobcats were 

declared threatened in Illinois effective 31 December 1977. These actions to protect 

bobcats were a response to their perceived scarcity, but in fact, few data were available to 

critically assess their status and distribution in Illinois. Rhea (1982) made the first 

attempt to assess the status and distribution of bobcats in Illinois. She only found reports 

of 89 bobcat sightings from 52 Illinois counties from 1979-82 and concluded that classi¬ 

fication as a state threatened species was warranted. 

It seemed that nearly a decade of full protection in Illinois did not result in an obvious 

increase in reported numbers and distribution of bobcats (Woolf and Hubert 1998). By 
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the early 1990s, it was suspected that bobcats were becoming increasingly abundant 

because of more frequent sightings, but conclusive evidence was lacking. In response to 

the need to reassess bobcat status and distribution, we began a study in collaboration with 

the Illinois Department of Natural Resources (IDNR), Division of Wildlife Resources’ 

Furbearer Program supported by Federal Aid to Wildlife Restoration (Woolf and Nielsen 

1999). We incorporated surveys of people participating in various types of outdoor rec¬ 

reation and compiled existing records to address bobcat status on a statewide scale. Our 

objective was to document distribution and relative abundance of the bobcat to enable 

assessment of its current status in Illinois. 

METHODS 

We reviewed bobcat sightings compiled by Rhea (1982) and added sightings collected by 

the IDNR and the Cooperative Wildlife Research Laboratory at Southern Illinois Univer¬ 

sity at Carbondale. Sighting reports (n of total reports = 2,212) from successful hunters 

during firearm deer (1992-98) and spring turkey (1992-98) seasons, and volunteer deer 

archery surveys (1992-97) were assessed for temporal and regional trends in abundance 

and distribution. We statistically tested effects of survey year by region on the number of 

bobcat reports per county (A. Woolf, unpublished data); however, because of violations 

of assumptions of independence and lack of random sampling, we simply reported 

numerical trends in the data. 

Sighting reports from successful fall turkey hunters (1992-98), IDNR trapper surveys 

(1990-97), the IDNR Natural Heritage database (1982-95), a request for sightings con¬ 

tained in the 1995-98 IDNR Digest of Hunting and Fishing Regulations, necropsy 

records, and miscellaneous sighting information also were collected, but were not evalu¬ 

ated due to extremely low annual numbers of reports and the biases associated with 

variation in effort to obtain these sighting reports. Survey data are referred to by their 

source (e.g., firearm deer) and all other records combined in an “other” category. 

We analyzed annual sighting data separately for 2 regions (southern Illinois [the 16 

counties south of Interstate 64] vs. northern Illinois [the remainder of the state excluding 

Cook, DuPage, Kane, and Lake counties which were closed for firearm deer harvest]) 

because preliminary data assessment revealed marked differences in numbers of reports 

between these regions. This regional division also was logical due to potential differ¬ 

ences in quantity of suitable habitat between northern and southern Illinois (Woolf and 

Nielsen 1999). 

RESULTS 

We compiled 3,123 bobcat sighting reports made during 1982-98 (Woolf and Nielsen 

1999:59-63). Firearm deer surveys provided the most (46%) sightings; spring turkey and 

archery surveys yielded 13 and 12% of reports, respectively. The remaining sightings 

came from “other” (12%), IDNR digest solicitation (10%), trapper (4%) surveys, and fall 

turkey (3%) surveys. Bobcats were reported from 99 of 102 Illinois counties; 91 coun¬ 

ties had >3 sightings which we considered indicative of a potential resident population 

and 17 counties reported >30 sightings (Figure 1) which we defined as indicative of a 

high resident population. Counties with the most overall sightings were Union (12%), 
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Jackson (9%), and Johnson (8%). Only DeKalb, Piatt, and Stark counties had no bobcat 
sightings during the study period. 

Overall Regional Sighting Trends 

More bobcats were reported from southern than northern Illinois when years were pooled 

and in 87% (26 of 30) of comparisons between northern and southern regions for differ¬ 

ent years and sources (Table 1). The magnitude of cumulative regional differences 

(Table 1) ranged from 1.5 (archery deer) to 13.6 times (“other”) more bobcats observed 

in the 16 southern Illinois counties compared to the remainder of the state. 

At the beginning of the analysis period in 1992, 40% more bobcats (98 vs. 70) were re¬ 

ported from the 16 southern counties compared to the remainder of the state, whereas at 

the end of the period in 1998 97% more (425 vs. 216) bobcats were reported from the 

south. Also, there were apparent differences in overall rate of increase within the regions 

reflected by the composite sighting data (Table 1). In the north, total sightings from 1992 

to 1998 increased 209%. Over the same period, total sightings from southern Illinois 

increased 334%. These data suggest that bobcats increased in abundance throughout 

Illinois, but the increase was greater in the 16 southern counties compared to the remain¬ 

der of the state. 

Regional Annual Sighting Trends 

Sightings/survey year did not apparently differ for spring turkey surveys in northern Illi¬ 

nois. Differences in mean number of sightings/county over years were more apparent for 

both the firearm and archery deer surveys in the northern region, but the 2 surveys pro¬ 

duced different patterns (Figure 2). The archery deer survey pattern was constant to 

slightly declining in the northern region with fewer bobcats reported successive years 

after a peak in 1993. In contrast, firearm deer survey results were constant during the 

first 3 years and then increased except for the marked decline in 1996 (Figure 2). Most 

sighting reports occurred during 1997 and 1998. 

Annual differences in number of sightings in southern Illinois were apparent for the 

spring turkey, archery deer, and firearm deer surveys (Figure 3). Mean numbers of bob¬ 

cats sighted/county in the archery deer survey were relatively low and were relatively 

stable except for 1995, the peak year. Data from the spring turkey survey revealed a 

steadily increasing trend; however, only 1998 differed from earlier years. The trend 

revealed by sightings from firearm deer surveys was an increase from 1992 to 1998 

except for declines in 1994 and 1996 (Figure 3). 

Combined data from hunter surveys reveal similar annual trends in both northern and 

southern Illinois regions (Table 1). In both zones of the state, numbers of sightings were 

rather stable during 1992-94 and then increased except for an unexplained decrease in 

sightings reported from both regions in 1996. 

DISCUSSION 

Our goal was to update and expand upon a previous study of bobcat sightings (Rhea 

1982), and by doing so, assess the animal’s status in Illinois. Rhea (1982) compiled bob¬ 

cat sightings from the late 1800s to 1982 from reports by the Illinois Nature Preserves 
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Commission, credible wildlife observers, trappers, and other individuals. Although our 

results are not directly comparable with those of Rhea (1982), distribution and abundance 

of bobcats have clearly increased in Illinois. Rhea (1982) found sightings from 73 of 102 

(72%) Illinois counties; only 28 counties (27%) had >3 reports indicative of a potential 

resident population and only 1 county had >30 reports indicative of a high resident 

population (Gibbs 1998). Since 1982, the number of counties with bobcat sightings has 

increased to 99; there were 91 counties with >3 sightings indicative of a potential resident 

population, and 17 counties reported >30 sightings which we judged indicative of a high 

resident population. 

We assumed that sampling intensity (i.e., hunter effort) remained relatively constant over 

survey methods; however, changes in number of survey respondents/year indicated minor 

violations of this assumption. Firearm deer permits increased from 238,813 to 271,783 

and archery deer permits increased from 127,849 to 229,910 during 1992-98 (J. Rose- 

berry, Cooperative Wildlife Research Laboratory, Southern Illinois University at 

Carbondale, unpublished data). Despite these increases in hunter effort, ratios of number 

of sightings/1,000 hr of hunter effort indicate an obvious increasing trend of bobcat 

sightings during 1992-98 (e.g., an increase from 0.24 to 0.55 sightings/1,000 hr of effort 

for the archery deer survey and an increase from 0.35 to 1.69 sightings/1,000 hr of effort 

for the firearm deer survey). Further, this increasing trend in hunter effort did not explain 

any inconsistencies in sighting trends (e.g., the unexplained decrease in firearm deer 

sightings in 1996 when hunter effort was on the increase). 

Southern Illinois has historically contained the largest area of suitable habitat (i.e., 

wooded cover, Woolf and Nielsen 1999). Early accounts of the bobcat in Illinois (Wood 

1910) commented on their presence in the wooded south. Even when bobcats were 

thought to be extirpated from settled areas and rare in the north, they were still common 

in the southern counties of Alexander, Gallatin, Jackson, Pope, and Randolph (Cory 

1912). Rhea (1982) concluded that even at their lowest population levels in Illinois, bob¬ 

cats still existed in southern counties; whereas, they were almost extirpated in the north¬ 

ern counties. 

Although the region we defined as southern Illinois encompasses only about 11 % of the 

land area of Illinois, we recorded considerably more bobcat sightings from southern 

compared to northern Illinois in total, and from all surveys. This pattern of bobcat distri¬ 

bution and abundance is not surprising given the regional differences in habitat. Counties 

north of Interstate 64 are characterized by a matrix of intensive agricultural land; such 

habitat is of relatively low suitability to bobcats (Rolley 1987). In contrast, the 16 coun¬ 

ties south of Interstate 64 are comprised of about 50% forest and grassland (Woolf 1998) 

which provides more suitable habitat for bobcats than row crop agriculture. 

We believe the evidence is clear that bobcats are more abundant now than at the begin¬ 

ning of the study in 1992 and the population trend continues upward. Models we con¬ 

structed (Woolf and Nielsen 1999) predicted that bobcats occurred in moderate to high 

numbers in nearly 40% of Illinois, and that 31% of the state offered good to excellent 

habitat. Combined, these data led to recommendations and subsequent action by the 

Illinois Endangered Species Protection Board to delist the bobcat in 1998. Woolf and 
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Hubert (1998) concluded that bobcat populations were secure throughout the United 
States and our data clearly supports that conclusion in Illinois. 
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Table 1. Regional bobcat sightings by survey type in Illinois, 1992-98. 

Year 

Survey 1992 1993 1994 1995 1996 1997 1998 Total 

Firearm Deer 

North 38 47 41 85 11 135 180 537 

South 45 73 68 135 81 226 282 910 

Spring Turkey 

North 17 31 30 14 18 17 14 141 

South 18 16 25 37 38 48 72 254 

Archery Deer 

North 13 42 24 12 8 a _b 99 

South 18 16 22 59 30 a __b 145 

Grand Total 149 225 210 342 186 426 548 2,086 

a Total for both regions = 99. At the time of report preparation regional differences were 

unknown; hence, these sightings do not appear in the total column. 

b Total for both regions = 126. At the time of report preparation regional differences were 

unknown; hence, these sightings do not appear in the total column. 
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Figure 1. Bobcat sighting reports from various sources for Illinois counties, 1982-98. 
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Figure 2. Trends in bobcat sightings from various sources, northern Illinois region, 

1992-98. Regional differences were unknown for the 1997 and 1998 archery 

deer surveys. 
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Figure 3. Trends in bobcat sightings from various sources, southern Illinois region, 

1992-98. Regional differences were unknown for the 1997 and 1998 archery 

deer surveys. 
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BOOK REVIEW #2 

Havera, Stephen P. Waterfowl of Illinois: Status and Management. 1999. Illinois Natu¬ 

ral History Survey Special Publication 21, xliii + 628 pages; figures; tables; photographs; 

literature cited; glossary; index. Illinois Natural History Survey, Champaign, Illinois. 

Cloth. Price: US$59.95. Available from Illinois Natural History Survey, Distribution 

Office, 607 East Peabody, Champaign, Illinois 61820. 

This comprehensive source of the status, management, and biology of Illinois waterfowl 

is the fruition of a 20-year investigation. Few other states have the history and depth of 

waterfowl information that Illinois does, which the author has used effectively in bring¬ 

ing together an elegant volume with a virtual mother lode of declarative knowledge use¬ 

ful to resource professionals, conservationists, birdwatchers, outdoor enthusiasts, and 

hunters. Chapter one traces Illinois’ rich history of waterfowl tradition, lore, and bounty, 

along with sketches of ten professionals who were instrumental in generating the wealth 

of information drawn on in subsequent chapters. Chapter two details over a century of 

waterfowl hunting history in Illinois from the era of market hunters through the develop¬ 

ment of hunting regulations, accessories, and private clubs. 

Chapter three describes waterfowl habitats and the nature and history of wetlands, espe¬ 

cially those in Illinois. Over 90 percent of the state’s wetlands are gone, but many of 

those remaining are affected by sedimentation and human activities. Chapter four pro¬ 

vides past and current nesting site records in Illinois for eighteen species of waterfowl, 

including the American Coot and Common Moorhen. Special attention is given to the 

Wood Duck, Giant Canada Goose, and Mallard, because they are the primary species of 

waterfowl nesting in Illinois. In chapter five, the author reviews previous studies of the 

food habits of waterfowl, and together with his own extensive studies reveals a diverse 

and varied pattern of food habits throughout Illinois and the rest of the Mississippi fly¬ 

way. One learns that agricultural foods are becoming staples for some duck species, as 

well as the Canada Goose. Other species are opportunists, eating what is available. The 

author argues, convincingly, that the management goal should be to provide a diversity of 

high-quality wetland and deep water habitats that provide the foods waterfowl prefer, as 

opposed to areas where they must feed only on what can be found. Chapter six is for the 

waterfowl enthusiasts where they will find the most commonly asked questions con¬ 

cerning waterfowl kinds, numbers, and arrival and departure times and locations. Chap¬ 

ter seven features the comeback story of the Canada Goose, particularly the Mississippi 

Valley population with its Giant race. Although a major success story in wildlife man¬ 

agement, the success of the Giant race is implicated in the changed distribution and 

migration chronology of other Canada Geese, complications in monitoring Canada Goose 

populations, and nuisance problems. 

Chapter eight surveys the waterfowl harvests in the United States and Canada. In recent 

years, hunters in the Mississippi flyway have taken 50% of the Mallards, nearly 50% of 

all other ducks, and nearly 43% of the Canada Geese harvested in the United States. 

Chapter nine covers the banding of migratory waterfowl, and explains why banding is 

one of the most important and powerful tools of waterfowl management and research. 

Chapter ten describes the management of waterfowl and will be especially valued by 

nonprofessionals for its extensive practical information. Topics include hunting season 
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regulation, habitat management, waterfowl refuges, tips on providing adequate food for 

waterfowl, and a story worth remembering about lead poisoning in Illinois waterfowl. 

The final chapter explores what may lie ahead for Illinois waterfowl in the face of a 

growing human population and diminishing wetlands. The author sketches a variety of 

programs having potential to rescue wetlands, but cautions that concerned citizens and 

ardent conservationists must support the programs for wetlands by instilling in all citizens 

an appreciation and respect for nature and the environment. That is as stewards of the 

land rather than conquerors of it. 

Obviously, this work is not a sit down and read cover-to-cover book. Although the eleven 

chapters are well organized and integrated, with cross references as needed, I found that 

chapters two through ten could be perused or consulted in any order. Furthermore, the 

text provides exhaustive documentation through 126 text figures, 211 tables, and 213 

photographs. Twelve appendices display names, places, and data in support of the text. 

The author has written for the public as well as for professionals, and thus understandably 

avoided the use of taxonomic names in the text. However, interested readers will 

appreciate Appendix One, which lists common names with their taxonomic classifica¬ 

tions. A glossary and an index complete this beautifully designed and produced volume, 

which is complemented by the excellent artwork of Beverly C. Sanderson. The author 

has produced a landmark volume that should be in every institutional, agency, and per¬ 

sonal library, and in college and secondary school classrooms as well, where there is 

any interest in Illinois waterfowl or wetland ecology. 

Reviewer: Richard G. Bjorklund, Professor of Biology Emeritus, Bradley University 
RR#1, 26034 E. Harris Lane, Topeka IL, 61567 
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BOOK REVIEW #3 

Havera, Stephen P. Waterfowl of Illinois: An Abbreviated Field Guide. 1999. Illinois 

Natural History Survey Manual 7, viii + 72 pages; maps; photographs; figures; suggested 

reading list. Illinois Natural History Survey , Champaign, Illinois. Paper. Price: 

US$14.95. Available from Illinois Natural History Survey, Distribution Office, 607 East 

Peabody, Champaign, Illinois 61820. 

This attractive guide should be on the bookshelf or in the field pack of any person with an 

interest in waterfowl or wetlands. It contains selected information from its companion 

volume, “Waterfowl of Illinois: Status and Management,” and thus is not a comprehen¬ 

sive treatment of Illinois waterfowl. Rather, it provides an introduction to the concept and 

significance of wetlands, to habitat programs beneficial to wetlands and waterbirds, to 

aerial inventories and banding of waterfowl, and to important natural plant and animal 

foods of ducks in Illinois. 

The 19 species of ducks and geese common to Illinois and the American Coot 

emphasized in part seven will be particularly useful in the field. Each species is pre¬ 

sented in a succinct but informative manner, including a full color photograph together 

with highlights of its natural history in Illinois. The treatments of the species include 

graphic illustrations of peak fall migrations, further refined by listing the average date of 

regional peaks within the state. Comments on nesting are included for those species that 

nest regularly in Illinois. The full color photographs and graphic illustrations are 

excellent. My only criticism concerns page 13 of the plant food section where the 

photograph of American Wild Celery, Vallisneria americana, will not help neophytes 

recognize it in the field. 

Historical Illinois waterfowl milestones and valuable tips on waterfowl observation and 

public hunting areas in Illinois complete the main text. A list of suggested readings and 

several sources of Internet information complete the guide. This valuable compendium 

will provide conservationists, birdwatchers, outdoor enthusiasts, and hunters with 

answers to many frequently asked questions about Illinois waterfowl. It will lead those 

with a more intense interest in waterfowl and their habitats to pursue its detailed and 

comprehensive companion volume. 

Reviewer: Richard G. Bjorklund, Professor of Biology Emeritus, Bradley University 
RR#1, 26034 E. Harris Lane, Topeka IL, 61567 
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ABSTRACT 

The historic vegetation of The Nature Conservancy’s (TNC) Chinquapin Preserve located 

in Woodford County, Illinois, and some of the surrounding area, which included three 

townships (Kansas, Palestine, and Montgomery), was determined using the General Land 

Survey Field Notes (1821-1833). Vegetation densities at section and quarter section 

points were estimated using a modified point-centered quarter method and placed in four 

density-based categories (prairie, savanna, open forest, and closed forest). The historic 

vegetation was primarily prairie (55.5%) and savanna (35.3%) with oak and hickory 

dominated forests occurring along waterways and ravines. White oak, black oak, and 

hickory accounted for 81% of all trees in the study area. The field notes for the three 

townships were notable for the absence of maple tree records, which are an important 

taxon in current upland forest of the study area. The Conservancy’s property, as 

described by surveyors and based on our analysis, ranged from treeless prairie to closed 

forest. The forests in the area of the properties were all described as, “oak hickory” for¬ 

ests. This study indicates that restoration of The Nature Conservancy’s properties to cor¬ 

respond to historic vegetation should include forests dominated by white oak, black oak, 

and hickory trees (with a few elm and walnut trees) near the river channel, and savanna 

grading into prairie away from the Mackinaw River. Sugar maple {Acer saccharum) 

should be nearly eliminated from forests on upland sites. 

INTRODUCTION 

On December 7, 1997, The Nature Conservancy (TNC) of Illinois purchased 268 hectares 

of the former Bateman Estate (currently called the Chinquapin Preserve) in Woodford 

County, Illinois. The Chinquapin Preserve consists of three noncontiguous parcels of 

land located in sections 4, 5, and 9 of Kansas Township (Township 25N Range 3E of the 

3rd Principal Meridian), and a small parcel located in section 33 of Palestine Township (T 

26N R 3E of the 3rd PM). The Mackinaw River runs through two of the properties (Fig. 

1). The stated plans for the property include, "restoring permanent vegetation to the 

floodplain and planting trees to protect the river and reduce flooding and sediment loads" 

(The Nature Conservancy of Illinois, 1997). 
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The objective of this study was to determine the historic vegetation of the Chinquapin 

Preserve and adjacent area in Kansas, Palestine, and Montgomery (T 25N R 1W of the 3rd 

PM) Townships. The three townships lie in or are adjacent to the Mackinaw River and 

Panther Creek floodplains in Central Illinois. 

Pleistocene glacial deposits (15m - 61m in depth) over bedrock dominate the present 

topography of the study area (Willman and Frye, 1970). The area was covered by ice 

during the Kansan, Illinoian, and Wisconsinan glacial events. The Kansan glacial 

advance nearly filled many bedrock valleys and modified much of the drainage from an 

easterly to the current westerly flow. The Illinoian glaciation also added drift to many of 

the bedrock valleys creating a relatively flat till plain. During the Woodford sub-stage of 

the Wisconsinan glaciation (middle Wisconsinan), 90% of the loess accumulation (1.3m - 

2.5m in depth) was deposited (Willman and Frye, 1970). The land today is nearly flat 

fertile farmland that is gently rolling near the major streams, and forested along ravines 

and waterways. 

Rodgers and Anderson (1979) described the historic vegetation of adjacent McLean 

County, which includes the southern portion of Kansas and Montgomery Townships, but 

mostly occurs southeast of our study area, as being mostly prairie (89.5%). Savanna, 

open forest, and closed forest comprised 5.4, 1.8, and 3.4 % of the vegetation, respec¬ 

tively. White and black oak were the dominant tree species in the savanna and the two 

forest types, although the importance of both species declined from the savanna to for¬ 

ests. In contrast, more mesophytic species such as sugar maple, basswood, red oak, and 

ash had greater importance in forests than the savanna. Forests, tended to be restricted to 

stream valleys and dissected topography that reduced fire frequency, whereas prairies 

were associated with level to gently rolling topography with a higher frequency of fire 

than the forest or savanna (Rodgers and Anderson, 1979; Thomas and Anderson, 1990; 

Anderson, 1991). 

The historic vegetation characteristics of the three Townships were reconstructed using 

the information contained in General Land Office (GLO) Survey Field Notes. The GLO 

field notes have been used to reconstruct presettlement vegetation in numerous previous 

studies (Bourdo, 1956; Anderson and Anderson, 1975; Rodgers and Anderson, 1979; 

Whitney and Steiger, 1985; Thomas and Anderson, 1990; Edgin and Ebinger, 1997; Nel¬ 

son, 1997; and others). All of these studies applied modifications of the point-centered 

quarter method (Cottam and Curtis, 1956) to witness tree distances to estimate tree den¬ 

sity at section and quarter section posts. 

MATERIALS AND METHODS 

Documents entitled Field Notes U. S. Surveys, also known as the General Land Office 

Survey (Bourdo, 1956), and Public Land Survey (PLS) field notes (Hutchinson, 1988), 

were obtained from the Woodford County Court House. The available records are writ¬ 

ten copies of the original field notes compiled by surveyors between 3 May 1821, and 6 

December 1833. The information available from the field notes include the common 

name of witness or bearing trees (Bourdo, 1956) the estimated diameter at breast height 
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(dbh) of witness trees (Bourdo, 1956) and their distance and direction from a section or 

quarter section post. 

The GLO surveyor’s field notes included a description of the terrain traversed during the 

surveying of each section line. These records included the prevailing topography, condi¬ 

tion of the land and its suitability for agriculture as well as other conspicuous features of 

the landscape such as cliffs, streams, rivers, lakes, vegetation (e.g., prairies, barrens, and 

types of timber) and roads (Hutchinson, 1988). These observations were usually recorded 

at the end of each mile traversed (at the section corner posts) unless there were notable 

changes or features encountered along the line, in which case the type, and location, of 

each was reported. 

Applying a modified point-centered quarter method (Cottam and Curtis, 1956; Anderson 

and Anderson, 1975), the surveyor's tree diameter estimates and distance measures, were 

used to compute tree density (trees/ha), basal area (m2/ha), relative dominance (basal 

area), relative density, and Importance Values ((relative density + relative dominance)/2) 

of witness trees by species (Anderson and Anderson, 1975). The distance from the sec¬ 

tion or quarter section post to the nearest witness tree was designated Ql, and the dis¬ 

tance of the second closest tree was designated Q2 The Ql and Q2 distances are equal to 

0.5 and 0.8 of the square root of the mean area (VMA) of the tree populations, respec¬ 

tively (Cottam and Curtis, 1956). When two trees were recorded, the distances were 

averaged to equal 0.66 of VMA. Surveyors measured tree distances in links. A link is 

equal to 0.66 feet; therefore, when two distances (Ql + Q2) are available in links the 

average distance in links equals the square root of the mean area of the population of 

trees in feet, 

101 links + 02 linksV2 X 0.66 ft./ links = square root of the mean area (ft.). 

0.66 

Tree density (trees/hectare) was determined by squaring the average distance in links and 

dividing the product into 107,639 (the square feet in a hectare). 

Each section and quarter section post (point) was placed in one of four vegetation catego¬ 

ries based on trees per hectare (Table 1), and the standard error of the mean distance for 

each vegetation category was calculated. For each section and quarter section point, the 

determined vegetation category, with a different symbol for each category, was plotted 

onto a plat map of the respective township to visually illustrate the distribution of the 

historic vegetation within the study area (Fig. 2). 

Instructions to surveyors specified that they record 4 bearing trees at township corners 

and at section corners ("One of these trees was to stand in each of the 4 sections common 

to a corner") and 2 bearing trees at quarter corners (Bourdo, 1956). However, in practice 

this was not always done. At points where two trees were described but both occurred in 

the same quadrant, only the distance of the nearest tree was included in density calcula¬ 

tions. This distance was treated as Ql of the point centered quarter method (Anderson 

and Anderson, 1975). At points where three or more trees were reported, only the two 

nearest trees were included in density calculations. A small number of points with no 

bearing trees reported and given a general land description of forest were not used. 
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Points described as prairie with no bearing trees reported were included in the sample 

with a tree density and basal area of zero. 

We compared the surveyor's general description and the calculated vegetation category of 

the nearest section or quarter section post. The purpose of this comparison was to expli¬ 

cate the meanings of surveyor's comments such as "barrens," "broken," and "timber." 

The surveyor's descriptions were also used as a guide to more accurately depict the 

vegetation on or near TNC's properties. We used descriptions given by two surveyors 

coming from different directions but arriving at the same, or nearly the same, points to 

get a unique perspective of the presettlement condition of TNC's property. 

RESULTS 

Overview of historic vegetation 

The common names of 14 tree taxa were noted by the surveyors during the survey of the 

three townships (Table 2). Only the members of the oak genus (Quercus) were given 

common names that could be used to determine a specific epithet. Of the 304 trees 

recorded by GLO surveyors as witness trees (261 trees) and line trees (trees encountered 

by surveyors on the survey line but not at section or quarter section corners) 221 (73%) 

were oaks. White oaks, black oaks, and hickory dominated the study area, accounting for 

89% of the trees identified. The 70 hickory trees were presumably shagbark hickory 

(Carya ovata), bitternut hickory (C. cordiformis), or mockernut hickory (C. tomentosa) 

as the several other hickory species native to Illinois are either rare or confined to the 

southern half of the state (Mohlenbrock, 1986). "Walnut," is assumed to be black walnut 

(.Juglans nigra), which is common throughout the state, while white walnut or butternut 

occurs only occasionally (Mohlenbrock, 1986). Buckeye, mentioned by one surveyor as 

being part of a bottomland, is assumed to be Ohio buckeye (Aesculus glabra). The other 

two native species of Aesculus, sweet buckeye (A. octandra) and red buckeye (A. dis¬ 

color) are rare and found only in the southern tip of Illinois (Mohlenbrock, 1986; Little, 

1997). The authors believe the surveyors misidentified two of the oak species: overcup 

oak (Quercus lyrata) and post oak (Q. stellata). Overcup oak is confined to the southern 

one-half of Illinois along the Mississippi River, and the post oak is not found as far north 

as the study area (Mohlenbrock, 1986; Little, 1997). 

The average tree densities (trees/ha) in the study area (Table 3) ranged from a low of near 

zero in the prairie to a high of 462.9 trees/ha in the closed forest. The basal areas ranged 

from zero in the prairie (<0.005 m2/ha) to a high of 59.33 m2/ha in the closed forest 

(Table 3). 

Based on the percentage of section and quarter sections points in each of the vegetation 

categories, at the time of the GLO survey, 55.9% (190 points) of the study area was prai¬ 

rie, 35.3% (120 points) savanna, 2.4% (8 points) open forest, and 6.5% (22 points), 

closed forest (Table 3). The prairie (<0.5 trees/ha), as defined by tree density and by 

description given by GLO surveyors, was almost entirely devoid of trees and had a tree 

density of near zero (Table 3). GLO surveyors designated most prairie points by indi¬ 

cating "set post in mound" and described the land just traversed as being prairie. Only 

eight of the 190 section and quarter sections points categorized as prairie had witness 

trees recorded. Collectively 11 trees were noted in the prairie, nine of which were oak 



189 

trees, and three of these oaks were encountered on the survey line (line trees). Six, of the 

nine oak trees were identified as black oak and one was a white oak that was recorded on 

a survey line. The dominance of black oaks in the prairie may be contrasted with the 

other vegetation categories in which white oak is more important than black oak. For 

example, black oak has an importance value of 46.7 in the prairie, 25.4 in the savanna, 

26.5 in the open forest, and 27.6 in the closed forest. White oak, however, has impor¬ 

tance values of prairie = 0.0, savanna = 47.3, open forest = 31.0, closed forest = 66.3 

(Table 4). White oak (IV [importance value] = 48.4), black oak (IV = 24.3), and hickory 

(IV = 16.7) were the most important trees in the study area with a combined importance 

value of 89.4 (of 100) (Table 4). 

The savanna category (0.5 to 47.9 tree/ha) contained the most diverse tree population. 

Eleven of the twelve identified species recorded as witness trees occurred in the savanna 

(Table 4). White oak (IV = 47.3) accounted for 97 of the 235 trees encountered in the 

savanna. Black oak declined in importance from its highest in the prairie (IV = 50.9) to 

its lowest in savanna (IV = 25.4). The three taxa: white oak, black oak, and hickory had a 

combined importance value of 92.3 (out of 100) in the savanna. 

In the open forest (48.0 to 98.8 trees/ha), only 18 trees were recorded. Of these, 15 were 

reported at section or quarter section posts. White oak is only marginally more important 

than black oak in the open forest (Table 4). 

Of the 40 trees (32 witness trees and 8 line trees) recorded in the closed forest category, 

nearly all (37) were oaks. White oak had its highest importance value in the closed forest, 

with black oak a distant second (Table 4). The average density of the closed forest was 

462.9 trees/ha (Table 3) 

Palestine Township (T26N, R1E) and Kansas Township (T25N, R1E) were predomi¬ 

nantly prairie (68.7% and 63.4%, respectively), whereas Montgomery Township (T25N, 

R1W) was chiefly savanna (54.87%) (Table 5). Open forest was the smallest vegetation 

category in all three townships. Kansas Township, which contains most of the Conser¬ 

vancy property, was 63.4% prairie and 22.3% savanna. Kansas Township open forest 

and closed forest categories were confined to areas near the banks of Denman and Vin¬ 

cent creeks, and the Mackinaw River (Fig. 2). 

The TNC Chinquapin Preserve 

Parcel one. Parcel one is section 5 of Kansas Township, and shares its northern border 

with the southern border of Palestine Township section 32. In the GLO field notes, each 

section corner and quarter section visited is numbered consecutively. Kansas Township 

surveyor posts 118, 91, 90, 88, 114, 113, and 117 border this property as well as Palestine 

Township surveyor posts 2, 3, and 4 (Fig. 1). 

The northern half of this parcel is in the Mackinaw River basin, and is 33 m (one hundred 

feet) lower in elevation than the southern half (Fig. 1). The calculated tree densities of 

section 5 (parcel 1) range from a low of 17.0 trees/ha at post 3 in the center of the north¬ 

ern border, to a high of 1,260.7 trees/ha at post 117 the western quarter section post 

(Table 6). This unrealistically high tree density undoubtedly resulted from the chance 
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occurrence of witness trees close to the quarter section point and was unlikely to be 
reflective of the forest as a whole at this location. 

Parcel Two. Parcel two is located in section 9 of Kansas Township and shares its northern 
border with section 4 and the parcel’s northwestern corner post (88) is the southeast cor¬ 
ner post of section 5 (Fig. 1). Quarter section post 87 is at or near the southwestern cor¬ 
ner of parcel 2, and quarter section post 89 marks the northeast corner of the parcel. The 
tree density of Parcel 2 is based on one section post (88), and two quarter section posts 
(87, 89). The calculated density (trees/ha) ranges from a low of 11.6 at post 87 (south¬ 
west corner), to a high of 429.0 at post 89 (northeast corner) (Table 6). The land was 
described as "broken, not fit for cultivation," when the surveyor was traversing the west¬ 
ern border from south to north. When moving from post 88 east to post 89, the land was 
described as, "...good, fit for cultivation, oak and hickory." However, the calculated 
density for post 89 of 429.0 placed it in the closed forest category. 

Parcel Three. The south one-half of parcel three occurs in section 4 of Kansas Township, 
and the northern half in section 33 of Palestine Township (Fig. 1). This parcel was 
described by surveyors as, "2nd rate prairie" and "broken oak and hickory timber," and 
had a calculated tree density of zero, even though the Mackinaw River bisects the prop¬ 
erty (posts 5 and 74, Fig. 1, Table 6). 

Comparison of surveyor's land descriptions 

When different surveyors surveyed adjacent townships, it was possible to compare the 
surveyor’s descriptions of the same land traversed along the shared section borders. Such 
was the case with the northern border of Kansas Township (T25N, R1E) surveyed by 
Mister A. M. Hamtramek (November 1823), and the southern border of Palestine Town¬ 
ship (T26N, R1E) surveyed by Mister E. Steen (March 1822). Mister Hamtramek set 
section 5 posts (clockwise from the northwest corner) 118, 91, 90, 88, 114, 113, and 117 
(Fig. 1). Mister Steen set posts 2, 3, and 4. Mister Steen's post 2 was analogous (< 1/4 
mile apart) to Mister Hamtramek's post 118, and 4 was analogous to 91. At post 118, 
Mister Hamtramek, traversing from the south to the north described the land as, "Broken, 
not fit for cultivation, oak and hickory." However, traversing from west to east, Mister 
Steen described the land as "rolling, 2nd rate barrens, Black and white oak" at his post 
number 2. These descriptions are not at odds with a modern topographical map (Fig. 1). 
A line north from post 117 to post 118 (Hamtramek’s path) crosses the Mackinaw River 
bottomland at about 650 ft and ascends the ancient riverbank to 750 ft on the north side 
of the river. The west to east survey line runs north of the convoluted ancient riverbank 
(Steen’s route), and remains at near 750ft. 

At section post 91 (moving from south to north), Mister Hamtramek's description is again 
"broken, not fit for cultivation, oak and hickory." Mister Steen described the land near 
location (post 4) as "3rd rate timber as before (referring to his description at post 2) black 
and white oak" (Table 6). Mister Hamtramek's description of the land was most pro¬ 
phetic. The section has not been under cultivation to this date, and remains timbered. 

Mister Hamtramek surveyed Parcel two and described the land as "broken, not fit for 
cultivation," when he surveyed the western border from post 87 to north (post 88). Post 
88 has a calculated density of 298.3 placing it in the closed forest category, and the 
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topographic map depicts the land between posts 87 and 88 as dissected . When surveyed 

from post 88 east to post 89, the land was described as, "...good, fit for cultivation, oak 

and hickory." However, the calculated density for post 89 of 429.0 (Table 6) places it in 

the closed forest category. Closed forest may be an inappropriate classification for this 

portion of the property. Between posts 88 and 89 the land is nearly a mile away from the 

Mackinaw River, it changes little in altitude, and was described as fit for cultivation. 

These facts suggest the witness trees were perhaps coincidentally near the quarter section 

post giving a tree density that was too high. 

Parcel three tree density is based on Mister Steen's posts 5 and 6, and Mister 

Hamtramek's post 74 (outside the property at the eastern corner of section 4-32). Posts 5 

and 6, were surveyed from the west to the east, described as 2nd rate prairie, and listed no 

trees. Post 74, approached from the south to the north, is described as broken oak and 

hickory timber, but no bearing trees are reported (Table 6). The lack of bearing trees and 

Mister Steen's description place this property in the prairie category, however, this is sur¬ 

prising since the Mackinaw river bisects the property and river banks in this part of Illi¬ 

nois are usually forested. 

Comparison of surveyor land descriptions and calculated vegetation categories 

Of the 159 section and quarter sections points described as prairie by the surveyors, 156 

of them were classified as prairie based on witness tree densities. The other three posts 

were calculated to be in a savanna. The description of "barrens" as used by the surveyors 

was divided into three categories: 1) barrens, no timber; 2) barrens, thin timber; 3) bar¬ 

rens, timbered. As the implied tree density of the descriptions increased (1<2<3), the 

frequency of points calculated as prairie decreased (Table 7). The barrens no timber and 

barrens thin timber had about the same percentage of points classified as savanna, 73.6 

and 70.0%, respectively. However, the barrens timber has the highest percentage of 

points in savanna (92.3%). The barrens no timber had a small percentage of points clas¬ 

sified as open and closed forest. The surveyor’s descriptions of "broken" and "timber" 

were also most often classified as savanna (65.7% and 61.8%, respectively) (Table 7). 

DISCUSSION 

Oak and hickory dominance 

The historic forest vegetation was dominated by oak and hickory trees. The accumulated 

importance value of oak trees within the three townships is 79.7 out of 100 possible units 

of importance. When oaks are combined with the hickory, this group has an importance 

value of 96.4. Some of this overwhelming dominance probably is due to surveyor prefer¬ 

ence when selecting witness trees. Witness trees were often selected for their "lasting 

qualities," or "...which are the soundest and most thrifty in appearance...which experi¬ 

ence teaches will be the most permanent and lasting" (Bourdo 1956). When the survey¬ 

ors encountered a predominately oak and hickory forest, the oak and hickory trees could 

naturally have been considered the most permanent and lasting. The natural large size of 

the oaks and hickory trees could also have caused them to be preferred over other species. 

Surveyors relying on tree condition and size as well as there own personal preference 

were susceptible to non-random choices (Bourdo 1956). 
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Sugar maple in historic vegetation 

The sugar maple {Acer saccharum) one of the most prevalent trees in current Illinois for¬ 

ests (Ebinger, 1986) was not mentioned by the surveyors. In previous studies, using 

GLO field notes to reconstruct historic vegetation in central Illinois, other workers 

reported sugar maples in low numbers. In McLean County, Illinois, Rodgers and Ander¬ 

son (1979) reported no sugar maple in the prairie, however, an IV of 3.98, 15.75, and 

20.83 (total IV of 300) were reported for maple in the savanna, open forest, and closed 

forest, respectively (Rodgers and Anderson, 1979; see Table 3). In that same study, Rod¬ 

gers and Anderson found even higher importance values, for trees identified only as 

maple, in Mason County, Illinois. In Mason County the importance values (total IV of 

300) reported for maple were 23.4 in the prairie, 17.55 in the savanna, 34.21 in the open 

forest, and 41.7 in the closed forest (Rodgers and Anderson 1979, see Table 4). Simi¬ 

larly, in the historic forests of the Illinois Shawnee Hills of southern Illinois (Fralish et 

al., 1991) and in Crawford County of east central Illinois of (Edgin and Ebinger, 1997), 

maples were reported in few numbers. However, this leaves in question of whether there 

were no maple trees in our study area, or if maple trees were present but surveyor preju¬ 

dices prevented their being reported. 

The Three Townships 

The majority of trees reported by the surveyors were calculated to be in the savanna, 235 

of 304 trees. Comparisons with vegetation category based on calculated tree densities 

and surveyor’s line descriptions indicate that most of the areas described as timber or 

barrens fell within the savanna category. However, most section and quarter section 

posts were reported in the prairie (Table 5). No witness trees were reported in 182 of the 

190 points designated as prairie by the surveyor's description or calculated to be prairie 

by the point-centered quarter method. With a sample size of only eight witness trees in 

the prairie, and a standard error of the mean witness distance tree distance as a percent of 

the mean distance of 17.7%, these measurements may not reflect the actual state of the 

historic prairie. For a sample to be considered adequate to describe tree density, the stan¬ 

dard error of the measured distances should be less than 4.65% of the mean distance 

(Cottam and Curtis, 1956; Rodgers and Anderson, 1979). 

Adams and Anderson (1980) studied the present day forests located within a 125km 

radius of Normal, Illinois, which would have included this study area. They reported tree 

basal area in three categories: lowland (45.4m2/ha), upland silt-loam (33.9m2/ha) and 

xeric (17.7m2/ha). The historic closed forest had more basal area (59.3 m2/ha) than any 

of these forest types. However, closed forest only comprised 6.47% of the historic vege¬ 

tation in this study. The remainder of the historic vegetation with reasonable sample of 

the tree component, savanna (1.48 m2/ha) and open forest (10.97 m2/ha) had low basal 

areas compared to the current forest. This may be due to the high frequency of distur¬ 

bance (i.e. fire and ruminant browsing) to which historic open forest and savannas would 

have been subjected (Cottam, 1949; Curtis 1959, Fralish, et al., 1991; Anderson and 

Bowles, 1999). The historic closed forest would have been subjected to a lower fre¬ 

quency of fire than savannas and open forest. Closed forest tended to occur on dissected 

landscapes that were exposed to a lower frequency of fires than landscapes associated 

with open forests and savannas (Anderson and Bowles, 1999). 
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SUMMARY 

The historic vegetation of Kansas, Palestine, and Montgomery Townships, as character¬ 

ized by the General Land Office Surveyors, was dominated by prairie deemed fit for cul¬ 

tivation except in broken land. Savanna and open forests that comprised most of the non¬ 

prairie vegetation were in general more open, with lower tree densities and basal areas, 

than current forests. The exception to this was the closed forest, which had higher tree 

density and basal area than current forests. The surveyors reported oak (Quercus spp.) 

and hickory (Carya spp.) trees to the virtual exclusion of other species. This was illus¬ 

trated by their choice of witness trees, and in their general description of "...oak and 

hickory timber..." at an overwhelming majority of the section posts located in or near 

timber. Present day forests in central Illinois have been shown to contain more maple 

trees, in particular sugar maple (Acer saccharum), than historic forests. The Conser¬ 

vancy’s property, as described by surveyors and based on our analysis, ranged from tree¬ 

less prairie to closed forest. The forests in the area of the properties were all described 

as, “oak hickory” forests. This study indicates that a restoration of The Nature Conser¬ 

vancy’s properties to correspond to historic vegetation would include forests dominated 

by white oak, black oak, and hickory trees (with a few elm and walnut trees) near the 

river channel, and savanna grading into prairie away from the Mackinaw River. Sugar 

maple (Acer saccharum) should be nearly eliminated from forests on upland sites. 
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Figure 1. Location of the three parcels of The Nature Conservancy's Chiquapin Preserve 

in Kansas and Palestine Townships, Woodford County, Illinois. Section num¬ 

bers are highlighted by two horizontal and two vertical lines. 
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Figure 2. Historic vegetation of the study area. Legend: solid circle • = closed forest, 

open circle (0) = open forest, open diamond 0 = savanna, asterisk * = prairie, 

dot (.) = location not visited or no information. Dashed lines indicate the 

assumed boundary of prairies. Number are section designations. Palestine 

Township (T 26N R 3E of 3rd PM) is the upper right township, Kansas Town¬ 

ship (T 25N R 3E of 3rd PM) and Montgomery Township (T 25 N R 1W of 3rd 

PM) are the lower right and lower left townships, respectively. 
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Table 1. Vegetation categories based on tree densities and surveyor description of local 

vegetation (Anderson and Anderson, 1975). 

Vegetation Category Tree Densities (trees/ha) 

Prairie* < 0.5 trees/ha 

Savanna 0.5 trees/ha < savanna < 48 trees/ha 

Open Forest 48 trees/ha < open forest < 98.9 trees/ha 

Closed Forest >98.8 trees/ha 

* Section and quarter section locations were also designated prairie based on surveyor's 

description of land as prairie. 

Table 2. Tree species identified by surveyors. The list includes “line trees” and witness 

trees recorded at section and quarter section corners. 

Species Common name 

Quercus alba White oak 

Q. velutina Black oak 

Q. rubra Red oak 

Q. macrocarpa Burr oak 

Q. stellata Post oak 

Q. lyrata Overcup oak 

Cary a spp. Hickory 

Ulmus spp. Elm 

Juglans nigra Walnut 

Aesculus glabra Buckeye 

Juniperus virginiana Cedar 

Populus deltoides Cottonwood 

Asimina triloba Pawpaw 

Crataegus mollis Red haw 

Note: Nomenclature follows Mohlenbrock (1986); 

surveyors. 

common names are those used by 
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Table 3. Percent of the total vegetation within the study area, mean tree size, density, and 

basal area for the four vegetation categories. 

Prairie Savanna Open 

Forest 

Closed 

Forest 

% of total vegetation 55.88 35.29 2.35 6.47 

Size of average tree (m2) 0.14 0.14 0.15 0.13 

Density (trees/ha) 0.001 10.27 74.99 462.87 

Basal area (m2/ha) 0.00 1.48 10.97 59.33 

Table 4. Importance values of tree species by vegetation categories within the three 

townships studied. 

Species Prairie Savanna Open 

Forest 

Closed 

Forest 

All 

Categories 

White oak 47.26 31.00 66.29 48.36 

Black oak 46.73 25.38 26.54 27.64 24.30 

Hickory 11.97 19.66 13.55 3.62 16.72 

Overcup oak 17.92 1.43 7.07 2.38 

Red oak 1.94 2.33 

Burr oak 15.70 1.37 2.07 

Elm 0.84 9.98 2.45 1.55 

Walnut 0.53 0.98 

Cedar 0.81 0.56 

Cottonwood 0.47 0.33 

Post oak 0.32 0.22 

Red haw 7.68 0.20 

Table 5. Percent vegetation category by township. 

Township Prairie 

.Percent. 

Savanna Open Forest Closed Forest 

Palestine 68.70 28.70 0.87 1.74 

Montgomery 35.40 54.87 4.42 5.31 

Kansas 63.39 22.32 1.79 12.50 
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Table 6. Surveyor post numbers, general land description on or near Nature Conservancy 

of Illinois property, and calculated density at post. 

Post 

Number 

Surveyor’s Description trees/ha 

2 Rolling 2nd rate barrens, black and white oak 200.6 

3 3rd rate timber as before 17.0 

4 3rd rate timber as before (#2) 617.8 

5 Rolling 2nd rate prairie 0.0 

6 Rolling 2nd rate prairie 0.0 

73 Broken, not fit for cult. Timber oak and hickory 140.1 

74 Broken, not fit for cult. Timber oak and hickory 0.0 

87 Broken, not fit for cultivation 11.6 

88 Broken, not fit for cultivation 298.3 

89 Land good, fit for cultivation, oak and hickory 429.0 

90 Broken, not fit for cultivation 34.9 

91 Broken, not fit for cultivation 429.0 

113 Broken, not fit for cultivation 107.3 

114 no description none 

117 Broken, not fit for cultivation-oak & hickory 1260.7 

118 Broken, not fit for cultivation-oak & hickory 190.7 

Table 7. Comparison of assigned vegetation class at section/quarter section points based 

on calculated tree density and GLO surveyor's characterization of the landscape. 

-Calculated Vegetation Category- 

Surveyor’s Description Prairie Savanna Open 

Forest 

Closed 

Forest 

Total 

Points 

barrens, no timber 26.3% 73.6% 0 0 19 

barrens, thin timber 15.0% 70.0% 5.0% 10.0% 20 

barrens timbered 7.7% 92.3% 0 0 13 

broken 25.7% 65.7% 0 8.6% 35 

prairie 98.1% 1.9% 0 0 159 

timber 10.5% 61.8% 7.9% 19.7% 76 

miscellaneous 52.6% 31.6% 5.3% 10.5% 19 
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ABSTRACT 
We present indirect evidence that stalk excision in Vorticella convallaria is controlled by 

a signaling system similar to that described for flagella excision in Chlamydomonas 

(Quarmby and Hartzell, 1994). Excision is initiated by micromolar quantities of two G- 

protein agonists, mastoparan or Compound 48/80. The effects of these agonists can be 

reduced significantly by pretreatment with neomycin which prevents hydrolysis of phos¬ 

phatidyl inositol 4,5-bisphosphate or by polymyxin B which inhibits protein kinase C 

activity. Additionally, mastoparan 17, an inactive form of mastoparan has little effect on 

excision. Following excision induced by these compounds, the cell bodies transform into 

the motile telotroch form. Phosphoric acid at a pH where the protonated form of the 

molecule dominates, initiates high levels of excision. In cells where stalk excision is 

initiated by phosphoric acid few excised cells transform into telotrochs unless calcium is 

present. 

INTRODUCTION 
Vorticella convallaria, a peritrich ciliated protozoan, has been recently used to study 

rapid contractions initiated by spasmin contractile mechanisms and formation of 

extracellular matrices (Buhse, 1998). Results from the present study will facilitate 

examination of the synthesis of spasmin protein in synchronously transforming trophonts 

of Vorticella. Recently the biology of Vorticella has been published in Encyclopedia of 

Life Sciences in which the morphology and cell biology, reproduction, ecology, sys- 

tematics and methods of culturing are described (Buhse and Clamp, 1999). 

Vorticella exhibits two dominant morphological forms: a sessile feeding stage termed a 

trophont (Fig. 1) which transforms through a series of changes (Figs. 2 and 3) into a 

motile telotroch (Fig. 4). The trophont and the telotroch represent interchangeable stages 

which are dependent upon environmental conditions. 



202 

The trophont stage (Fig. 1) is characterized by an inverted bell-shaped cell body that 

tapers posteriorly (aborally) to the area where it attaches to a contractile stalk. Feeding 

structures, the nuclei, and most other cellular organelles are contained within the cell 

body. The stalk consists of a contractile structure called the spasmoneme which is 

bounded by a triple membrane system typical of ciliates. The spasmoneme is surrounded 

by extra cellularly produced material termed the matrix which is bounded by a stalk 

sheath (Wibel et al., 1997). 

The morphological events of Vorticella transformation from the trophont to the telotroch 

have been described elsewhere (Vacchiano et ah, 1992). This process always involves 

severing the connection between the cell body and the contractile stalk at a specialized 

area called the scopular region (Fig. 2), located at the aboral surface of the cell body (the 

region farthest away from the oral region). This semi-permanent junction consists of a 

ring of stereo-cilia and the last scopular ridge of the cell body called the scopular lip. 

Together, they form a cup into which the stalk sheath inserts. The sheath is anchored 

both to the cilia and the lip by groups of many small fibrils (Wibel et al., 1997). It has 

been postulated that during telotroch formation, these fibrils are broken and the connec¬ 

tion between the cell body and the stalk is ruptured (Wibel et al., 1997). Following stalk 

excision, the scopular lip extends over the cilia forming a cupola-like structure at the 

scopular region which flattens out by the telescoping of the scopular ridges (Fig. 3). As 

the freed cell body elongates to achieve a cylinder-like shape, a band of cilia called the 

aboral ciliary wreath, which powers the telotroch, sprouts from the scopular region while 

the oral cilia are withdrawn and partially resorbed (Fig. 4). While there is much infor¬ 

mation about the morphological events that occur during the trophont to telotroch transi¬ 

tion, little is known about the molecular events that control this process. 

Vorticella is not the only organism that excises unwanted organelles in response to envi¬ 

ronmental cues. The phytoflagellate Chlamydomonas excises its flagella forming a non- 

motile stage in response to deteriorating conditions (Kudo, 1966). Two distinct calcium- 

mediated signal transduction pathways have been proposed to explain initiation of fla¬ 

gella excision. It has been demonstrated that protonated forms of acids are able to cross 

the plasma membrane and ionize in the cytoplasm, releasing a proton which triggers a 

signal transduction system (Hartzell et al., 1993). Furthermore, Quarmby and Hartzell 

(1994) showed that protonated benzoate crossed the plasma membrane and activated 

opening of external calcium channels which led to flagellar excision. In the other sce¬ 

nario, suspension of flagellated cells in mastoparan, a G-protein agonist (Higashijima et 

al., 1990), induced, through phospholipase C, a build-up of inositol 1,4,5-triphosphate 

(IP3) which correlated with flagellar excision (Quarmby et al., 1992). It is known that IP3 

is heavily involved in regulation of internal calcium stores (Berridge, 1993). In addition, 

neomycin, an inhibitor of phosphatidyl inositol 4,5-bisphosphate (PIP2) hydrolysis 

(Gabev et al., 1989), effectively blocked both mastoparan induced IP3 build-up and flag¬ 

ellar excision (Quarmby et al., 1992). Using different calcium channel blockers, further 

supported the two distinct pathway hypothesis in Chlamydomonas (Quarmby and 

Hartzell, 1994). 

The purpose of our study is to examine the effects of similar compounds on stalk excision 

and telotroch formation in Vorticella convallaria. Previous results obtained from our 

laboratory (De Baufer et al., 1999) showed that stalk excision can be initiated by sub- 
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jecting the trophonts to a monocalcium phosphate solution (MCP). Following removal of 

this solution and its replacement with a neutral buffer, excised cells synchronously trans¬ 

formed into telotrochs within 90 minutes. We speculated that one or several of the 

hydrolysis products of monocalcium phosphate were active in initiating stalk excision. 

The presence of two of the products, calcium and the protonated form of phosphoric acid 

suggest to us that the events leading to stalk excision may be initiated by a calcium medi¬ 

ated systems similar to those described for Chlamydomonas. 

Results from the present study show that phosphoric acid, the G-protein agonists mas- 

toparan and compound 48/80 induce excision and subsequent transformation. Treatment 

with neomycin, an inhibitor of IP3 hydrolysis, and polymyxin B, an inhibitor of protein 

kinase C, significantly reduces the effects of mastoparan and Compound 48/80. This 

suggests a signal transduction system in V. convallaria stalk excision. 

MATERIAL AND METHODS 

General Cell Maintenance 

The cultures of Vorticella convallaria were grown and maintained in 500 ml of Cerophyl 

medium in 2.8-liter Fernbach flasks (Vacchiano et al., 1992). Prior to each experiment, 

the Cerophyl medium was exchanged with fresh medium and the cells were placed on a 

New Brunswick G25 incubator/shaker (New Brunswick Scientific, New Brunswick, NJ) 

for 24 hrs at 100 rpm. This procedure produced unattached cells which could be used to 

inoculate Petri dishes. The content of each flask was then transferred into sterile Petri 

dishes where the cells reattached and grew for additional 24 hrs (De Baufer et ah, 1999). 

These cells, called 1-day old cells, were used in all experiments. 

Buffers 

Studies using agonists, inhibitors and other test compounds were conducted according to 

methods described in De Baufer et ah (1999). Briefly, the cells were suspended in these 

compounds to induce excision after they were washed in the rinse buffer [0.187 mM 

EDTA, 3.9 mM NaCl, 0.71 mM TRIS-HC1, 0.5 mM maleic acid, pH 6.8]. Because 

protracted cell exposure to these stalk excision solutions proved to be toxic, the excision 

solutions were diluted and removed quickly by filtration and the detached cell bodies 

placed in transformation buffer at pH 6.8 [inorganic medium (IM) (0.24 mM KC1, 0.24 

mM MgS04, 0.048 mM CaH4(P04)2) or calcium free inorganic medium (CFIM) (0.24 

mM KC1, 0.24 mM MgS04)]. In some cases the excision solutions and/or the transfor¬ 

mation buffer were supplemented by addition of calcium either as calcium hydroxide or 

calcium chloride. IM and/or CFIM at pH 6.8 were used interchangeably as a negative 

control in all stalk excision experiments and exclusively as transformation buffers. 

Excision solutions 

All excision compounds were dissolved in glass distilled water. The times of exposure 

and the concentrations of the excision compounds were previously determined to cause 

maximum excision levels with the least toxic effects on the cell populations. Attached 

cells were exposed to: 4.8 mM monocalcium phosphate (MCP) (Fisher Scientific, Chi¬ 

cago, IL) for 20 minutes (De Baufer et. al., 1999); 24 mM phosphoric acid (PA) (EM 

Science, Gibbstown, NJ) at pH 3.2 for 15 min; the G-protein agonists 8 pM mastoparan 

and 8 pM mastoparan 17, an inactive analog of mastoparan (Sigma Chemical Co., St. 
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Louis, MO), for 2.5 min; the G-protein agonist 25 mg/ml Compound 48/80 (Sigma 

Chemical Co., St. Louis, MO) for 9 min. The pH of PA was adjusted to 3.2 by addition 

of either NaOH or Ca(OH)2. In some cases, the attached cells were exposed to inhibitors 

20 pM neomycin (Sigma Chemical Co., St. Louis, MO) and 20 pM polymyxin B (Cal- 

biochem, La Jolla, CA), for one minute prior to exposure to mastoparan or compound 

48/80. 

Determination of the number of attached and non-attached cells 

The number of attached cells in a Petri dish (100x15 mm) was determined using a 

Bausch and Lomb stereozoom microscope. The bottom of the Petri dish was divided into 

eight randomly determined nonadjacent 0.25 cm2 areas and the number of cells in each 

area was directly counted. From this the total the number of the cells in a Petri dish was 

extrapolated by the following formulation: 

Number of cells in eight areas t 8 x 254.5 = Total number of cells in a Petri dish 

Where 254.5 is the number of squares fitted into the bottom area of the Petri dish (Vac- 

chiano, at el., 1992). 

Electron Microscopy 

For scanning electron microscopy, the cells were fixed with 2% glutaraldehyde in 0.1M 

phosphate buffer (pH 7.2) mixed with 1% osmium tetroxide. The fixed cells were 

attached to poly-L-lysine coated aluminum disks (Sigma Chemical Co., St. Louis, MO). 

The attached cells were critical point dried and coated with 20 nm gold. Observations 

were done using ISI-DS-130 scanning electron microscope at 10 kV. TEM specimens 

were embedded in either Spurr’s or Epon 812 resin and examined with a JOEL-1200-EX 

transmission electron microscope at 60 kV. 

RESULTS 

We investigated the ability of phosphoric acid in the presence and absence of calcium to 

initiate excision (Fig. 5). Cells suspended in inorganic medium or in calcium free inor¬ 

ganic medium (the negative controls (A)) exhibited little excision, while those suspended 

in MCP (the positive control (B)) exhibited levels of excision in excess of 80%. This was 

followed by 82% telotroch formation when the freed cell bodies were washed into the 

transformation buffer. Cells subjected to phosphoric acid buffered to pH 3.2 with 

Ca(OH)2 (C) exhibited high levels of excision (61%) when compared to the negative 

control and transformed into telotrochs at equally high values. In both cases, the levels of 

excision and transformation were about 20% lower that the positive control. Interest¬ 

ingly, buffering phosphoric acid to pH 3.2 with NaOH (D) initiated 74% stalk excision, 

but the level of transformation into telotrochs was reduced over tenfold when compared 

to the calcium-buffered cells. When calcium was added to the transformation medium 

following excision induced by a calcium free solution, the level of transformation was 

increased four-fold in a dose dependent manner to 26% of the calcium-buffered cells. In 

summary, the presence or absence of calcium appears to have little effect on acid-induced 

stalk excision. However, the presence of an exogenous supply of calcium applied to the 

excision medium appears critical for attaining high levels of transformation following 

excision. 
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Next, we examined the effects of G-protein agonists, mastoparan (Fig. 6) or Compound 

48/80 (Fig. 7) and the effect of pretreatment with inhibitors, neomycin or polymyxin B on 

induced stalk excision (Figs. 6 and 7). The G-protein agonists mastoparan and 

Compound 48/80 induced high levels of stalk excision. In both cases, when the freed cell 

bodies were washed into transforming buffer equally high levels of transformation 

occurred. Pretreatment with either neomycin or polymyxin B followed by treatment with 

either mastoparan or Compound 48/80 significantly decreased the levels of excision. 

Mastoparan-17, an inactive analog of mastoparan, had little effect on the excision level. 

Taken together these results are consistent with an hypothesis favoring a role for a 

phopholipase C signaling pathway initiating stalk excision in Vorticella convallaria. 

DISCUSSION 

One interpretation of our data is that stalk excision in Vorticella convallaria is controlled 

by signaling systems similar to those described for flagella excision in Chlamydomonas 

(Quarmby and Hartzell, 1994). They suggested that two separable signaling systems 

control excision. One controls activation of phospholipase C signaling system through 

activation of G-proteins. A second system controls flagella excision by the import of 

calcium through proton activated external calcium gates. We have indirect evidence that 

both of these systems may also control stalk excision in Vorticella. 

Support for our interpretation comes from the following experiments. Micromolar levels 

of mastoparan or Compound 48/80, both G-protein agonists, activate high levels stalk 

excision (Figs. 6 and 7). Mastoparan 17, an inactive analog of mastoparan, initiated low 

excision levels close to the negative control values (Fig. 6). Finally, prior exposure of 

mastoparan or Compound 48/80-treated cells to either neomycin (preventing hydrolysis 

of phosphatidyl inositol 4,5-bisphosphate), or to polymyxin B which competitively 

inhibits protein kinase C activity (Raynor et al., 1991) significantly reduced the levels of 

stalk excision. 

The results from experiments using phosphoric acid (PA) to induce stalk excision suggest 

the presence of a second signaling pathway in Vorticella. High levels of stalk excision 

are induced by PA at a pH value of 3.2 where the protonated form of the acid is available. 

The protonated form is believed to be membrane permeable and ionized inside the cell 

(Hartzell et al., 1993). On the other hand, when cells are subjected to PA at higher pH, 

where the ionized form is not favored (Corbridge, 1990) or they are placed in solutions of 

ionized HC1 (De Baufer et al., 1999), the levels of stalk excision were very low (data not 

shown). Taken together, we conclude that stalk excision may depend on lowering inter¬ 

nal pH. If this is true, then the results are strikingly similar to results reported by 

Quarmby et al. (1994). In their model, the protonated acid crosses the plasma membrane 

of Chlamydomonas where it is ionized. One of the ionization products (presumably the 

proton) activates a pump, which allows calcium to enter the cell from the external 

medium. One problem with this hypothesis is the observation that stalk excision in Vor¬ 

ticella occurs when no calcium is added to the excision medium (Fig. 5). Although other 

explanations are possible, it might be that sufficient though low levels of calcium are 

present as minor contaminants in the excision solutions which are high enough to initiate 
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stalk excision. If this is true excision should be completely eliminated by addition of a 

calcium chelator to the excision media. 

We have evidence that the presence of calcium is necessary for high levels of transfor¬ 

mation to the telotroch form. Addition of calcium to the excision buffer results in high 

levels of transformation independent of whether or not the transforming buffer contains 

calcium. However, when calcium is omitted from the excision or transformation buffer, 

levels of transformation are very low (compare Fig. 5C with 5D). Furthermore, in sup¬ 

port of the need for calcium, attempts to rescue cells excised in the absence of calcium by 

adding calcium to the transformation buffer were moderately successful. Cells excised in 

the absence of calcium transformed in progressively higher levels as more calcium was 

added (compare Fig. 5D, E and F). The amount of exogenous calcium added to the 

transformation buffer (Fig. 5F) was one tenth the concentration of values calculated for 

the positive control (Fig. 5B) or for cells excised in the presence of phosphoric acid plus 

calcium (Fig. 5C). Therefore, it is highly probable that had we used higher levels of 

calcium, higher transformation levels, equivalent to those of the control values, would 

have been obtained. The exact nature of the calcium requirement for successful transfor¬ 

mation to the telotroch form remains to be resolved. 

Although the exact mechanism of stalk excision is not presently known, we propose two 

hypotheses to explain control of stalk excision in Vorticella. The starting point for both 

is hydrolysis of PIP2 by PLC. One involves a role for calcium controlled by phosphoi- 

nositols, the other suggests a role for phosphorylation of proteins controlled by PKC. 

Calcium has been shown to initiate spasmonemal and cellular contraction in Vorticella', 

however, microinjection of IP3 into the cell body of Vorticella does not initiate contrac¬ 

tion (Katoh and Naitoh, 1994). It is possible that IP3 regulates stalk excision by releasing 

calcium from some specialized stores. It is equally possible that the release of calcium is 

governed by generation of other phosphoinositols. In support of this possibility, we have 

observed that there is an increase in IP5 or IP6 following treatment with mastoparan (data 

not shown). However, these phosphoinositols have a slow response time (unlike IP3) and 

are considered to control calcium house keeping functions (Berridge, 1993). 

On the other hand, it is equally possible that phosphorylation of proteins plays an impor¬ 

tant role in stalk excision. In support of this possibility, we had shown that the protein 

kinase C inhibitor, polimyxin B, significantly reduces the levels of stalk excision in V. 

convallaria. 

Furthermore, it is tantalizing to imagine that the calcium-binding contractile protein(s) 

spasmin may play a role in excision. It has been suggested (Wibel et al., 1997) that the 

stalk is anchored to the cell body by small fibrils that connect the scopular cilia with the 

scopular lip. They showed that rupturing these fibrils lead to stalk excision. It is tempt¬ 

ing to postulate that either flexing or contracting the scopular lip could lead to stalk exci¬ 

sion through rupture of these fibrils. In an analogous system, it has been suggested that 

contraction of the stellate body found in the flagella-basal body transition zone of 

Chlamydomonas leads to flagella excision (Sanders and Salisbury, 1989). Interestingly, 

the stellate body is known to contain the calcium-binding contractile protein centrin that 

belongs to the same superfamily of proteins as spasmin. 
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In support of phosphorylation, Martindale and Salisbury (1990) found that the level of 

centrin phosphorylation changes rapidly in response to the cells external environment, 

and more interestingly, phosphorylation of centrin is correlated with flagella excision in 

Chlamydomonas. Maciejewski et al. (1999) has shown that spasmin like centrin contains 

several putative phosphorylation sites. 

Stalk excision does not automatically lead to formation of the motile telotroch form. 

When stalk excision is induced by PA in the absence of calcium most of these treated 

cells fail to transform, although they are clearly alive as indicated by movement of the 

peristomal whirls. This effect can be ameliorated by the presence of calcium either in the 

excision mediums or transforming buffer. One possible explanation is that internal 

cellular pH induced by PA is not regulated sufficiently following excision and prevents 

activation of cellular processes that underlie transformation. Support for this hypothesis 

comes from the observation that stalk excision induced by mastoparan or compound 

48/80 at pH 6.8 always leads to telotroch formation even in the absence of an exogenous 

calcium supply. 

We propose the following model (Fig. 8) to explain our results and to act as a framework 

for future work. This model is based on the similar model proposed for flagellar excision 

in Chlamydomonas (Quarmby and Hartzell, 1994). A calcium dependent pathway is 

shown on the left and PLC activated pathway is shown on the right. Both pathways can 

be activated by G-protein agonists or protonated phosphoric acid through activation of 

phopholipase C producing two secondary messengers: IP3 and DAG. Phosphoinositols 

regulate release of internal calcium stores (Berridge, 1993). It has been shown that 

calcium regulates stalk and cell body contraction in Vorticella (Katoh and Naitoh, 1994) 

presumably by binding to spasmin and initiates flagella excision in Chlamydomonas by 

presumed binding to centrin (Sanders and Salisbury, 1994). DAG activates PKC so it is 

equally possible that phosphorylation of proteins is involved in stalk excision. The 

protonated form of phosphoric acid, presumed to be membrane permeable, diffuses into 

the cell body of Vorticella where protons are released. Protons open external calcium 

channels leading directly to stalk excision or indirectly through PLC signaling. We plan 

to test this model through future experiments which will determine changes of cellular 

pH in response to treatment with phosphoric acid. We also plan to examine changes in 

the pattern of protein phosphorylation and changes in phosphoinositols in response to 

mastoparan treatment. Results from these experiments should verify or disprove this 

model. 
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Figures 1 - 4 
1) SEM of the trophont-form of Vorticella convallaria showing the stalk (sk) attached to the sub¬ 

strate and to the scopular region (arrow) at the aboral end of the cell body (cb). The peristomal 
cilia (ps) are found at the oral surface are used for feeding. Bar = 10 pm. 

2) SEM of the scopular region of V. convallaria during the transition to the motile telotroch stage. 
During this transition, the stalk is jettisoned. Adhesion between the scopular cilia (sc) and the 

scopular lip (si) is broken as the trophont transforms into a telotroch. Bar = 0.5 pm. 
3) TEM of the scopular region of an early telotroch. Here the scopular lip (si) extends over the 

scopular cilia (sc) and will form a closed cupola-like structure entombing these cilia. The 

cupola-like structure ruptures when the telotroch docks and releases material which will form the 

adhesion disc and the stalk matrix. Bar = 0.5 pm. 
4) SEM of two mature telotrochs. The one on the left has not attached and is tilted showing a 

wreath of aboral cilia (ac) that encircle the flatten scopula (arrow). The ciliary wreath powers the 

telotroch in a forward direction. The cell on the right has attached to the substrate. The peris¬ 
tomal cilia (arrowhead) seen at the oral cell end are partially resorbed. Following attachment, the 

ciliary wreath is resorbed, the peristomal cilia reextend and the stalk begins to grow. Bar = 10 

pm. 
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Figure 5. The effects of phosphoric acid in the presence or absence of calcium on stalk 

excision and telotroch formation in Vorticella convallaria. The pH of the 

excising medium was 3.2 in all cases except where IM or CFIM was used. The 

pH of the transforming medium was 6.8 in all cases. In columns A-F, for each 

treatment, the percentage of excision (black bars) and the percent of 

transformation (gray bars) are shown in tandem. The cells were exposed to 

excision solutions and transformed in buffers as follows: (A) inorganic medium 

(IM) or calcium free inorganic medium (CFIM), IM; (B) 4.8 mM monocalcium 

phosphate, CFIM; (C) 24 mM H3P04 buffered with Ca(OH)2, CFIM; (D) 24 

mM H3PO4 buffered with NaOH, CFIM; (E) 24 mM H3P04 buffered with 

NaOH, IM; (F) 24 mM H3P04 buffered with NaOH, IM + CaCl2 (final 0.5 mM 

Ca concentration). In experiments where transformation bars (gray) are not 

shown, the number of excised cells was too low to accurately assess telotroch 

formation. Error is expressed as standard deviation of the mean. 
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Figure 6. The effects of mastoparan on stalk excision and telotroch formation. Columns 

A-D represent various treatments and the resulting percentage of cells under¬ 

going stalk excision and the percentage of those cells that formed telotrochs are 

shown in tandems. Black bars represent the fraction of total number of cells 

that undergo excision and gray bars represent the fraction of excised cells 

which formed telotrochs. The following solutions were used to induce stalk 

excision: (A) 8 pM mastoparan; (B) pre-treatment with 20 pM polymyxin B 

prior to 8 pM mastoparan treatment; (C) pre-treatment with 20 pM neomycin 

prior to 8 pM mastoparan treatment; (D) 8 pM mastoparan-17. Transformation 

was carried out in inorganic medium. In experiments where the percentage of 

transformation is not shown, the number of excised cells was too low to accu¬ 

rately assess telotroch formation. Error is expressed as standard deviation of 

the mean. 
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Figure 7. The effects of Compound 48/80 on stalk excision and telotroch formation. 

Black bars represent the fraction of total cells that excised their stalks. Gray 

bars show the fraction of excised cells that formed telotrochs. The following 

solutions were used to excise stalks: (A) Compound 48/80 (25mg/ml); (B) pre¬ 

treatment with 20 pM neomycin prior to treatment with Compound 48/80; (C) 

pre-treatment with 20 pM polymyxin B prior to treatment with Compound 

48/80. Recoveries for all experiments were carried out in IM. In experiments 

where transformation bars (gray) are not shown, the number of excised cells 

was too low to accurately assess telotroch formation. Error is expressed as 

standard deviation of the mean. 

80 

70 

60 

50 

40 

30 

20 

10 

mm Excision 
l i Transformation 

ABC 

0 



213 

Figure 8. Proposed model for acid- and G-protein induced stalk excision based on 

Quarmby and Hartzell (1994). Activation of phospholipase C (PLC) by G-pro¬ 

tein agonists leads to production of IP3 and diacylglycerol (DAG). IP3 or other 

phosphoinositols (IP4, IP5 and IP6) mobilize internal Ca which leads to stalk 

excision and cell body contraction. DAG through protein kinase C (PKC) 

phosphorylates proteins which also leads to stalk excision. N.B. A single arrow 

in the diagram is not meant to imply a single step in the pathway. 
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ABSTRACT 

We examined timing and location of early spring basking activity and perch characteris¬ 
tics in Trachemys scripta. The greatest basking activity occurred from 1300 - 1400 hrs 
along the shorelines with the least human habitation. Medium-sized turtles basked uni¬ 
formly throughout the day, whereas small turtles exhibited a mid-day peak. Finally, 
smaller turtles basked on perches with smaller circumferences compared to medium-sized 
turtles. 

INTRODUCTION 

Freshwater turtles spend much of their diel activity cycle basking atmospherically using 
emergent perches, or basking aquatically either floating or submerged in shallow water. 
Basking functions in thermoregulation (Boyer 1965, Crawford et al. 1983, Schwarzkopf 
and Brooks 1985), drying and ectoparasite removal (Cagle 1950, Neill and Allen 1954, 
Boyer 1965), digestive facilitation (Moll and Legler 1971), and vitamin D synthesis 
(Pritchard and Greenhood 1968). Previous studies detailing emydid thermoregulatory 
behavior focus on Chrysemys picta (Sexton 1959, Boyer 1965, Ernst 1972, Lovich 1988), 
Clemmys marmarota (Bury 1972), and Trachemys scripta (Moll and Legler 1971, Spotila 
et al. 1984, 1990). 

During atmospheric basking heat energy is lost through a complex of direct and indirect 
modes. Because of this heat loss, only subsets of microclimatic conditions occur where a 
turtle achieves thermoregulatory balance with its environment (climate space, Spotila et 
al.1990). Using energy budget analysis and climate space diagrams, Foley (1976) pre¬ 
dicted that in early spring and late fall T. scripta would bask around mid-day. This is 
because when compared to the summer, water and turtle body temperatures are lowest 
and air temperatures and solar radiation levels are highest (Spotila et al. 1990, Foley 
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1976). Subsequent basking studies on T. scripta (Spotila et al. 1990) corroborated 

Foley’s (1976) hypotheses of a mid-day peak in basking intensity in early spring and late 

fall and a mid-morning and early evening peak in the summer. 

Another aspect of basking ecology is perch selection and use. Current research on bask¬ 

ing ecology focuses on behavioral displays at perches (Pritchard and Greenhood 1968, 

Bury and Wolfheim 1973, Auth 1975, Bury et al. 1979, Pluto and Beilis 1986, Lovich 

1988, Lindeman 1999). Like other basking reptiles, turtles may select specific perch 

characteristics, which may differ with sex, age, size, time, and habitat. Our objectives 

were to 1) determine the daily timing and location of spring basking activity, 2) whether 

basking activity was related to body size, and 3) whether perch characteristics vary with 

turtle body size. 

MATERIALS AND METHODS 

Study Site 
Round Pond is a member of a chain of floodplain lakes in southeastern Gallatin County, 

Illinois, located approximately 4 km west of the confluence of the Ohio and Wabash 

rivers. During annual spring flooding, the lake connects directly, or through a system of 

sloughs, creeks, and field drainage ditches to the Ohio River. Small cabins and trailers 

occupy the western shoreline, a man-made beach encompasses the southern shore, and 

the remaining shoreline is bordered by floodplain forest and buttonbush, Cephalanthus 

occidentalis. Three colonies of spatterdock, Nuphar luteum, inhabit the waters off the 

southwestern, southeastern, and eastern shorelines. Turtles found in Round Pond include 

populations of Pseudemys concinna, Chelydra serpentina, Sternotherus odoratus, Apa- 

lone mutica, A. spinifera, Graptemys ouachitensis, G. pseudogeographica, G. 

geographica, Chrysemys picta, and Terrapene Carolina. 

General Procedures 
We conducted all research after the recession of the Ohio River. We located basking 

turtles using binoculars during daily three-hour shoreline patrols between 0900 and 1600 

hrs CST from 25 May 1998 to 2 June 1998. We kept the sampling period short to isolate 

the early basking season. When the time limit did not allow for a complete patrol of the 

shoreline, we began the following day where the previous patrol ended. We staggered 

the patrol’s starting times to sample evenly throughout the day and we sampled each 

shoreline at least once per day. We estimated turtle sizes and placed them into three 

classes, small (< 100 mm in carapace length), medium (100 to 160 mm in carapace 

length), and large (> 160 mm carapace length). For each basking turtle, we measured 

perch height above the water’s surface (PH), perch circumference (PC), and water depth 

at the perch (WD) to the nearest mm with a tape measure. We took measurements from 

the boat after the turtles retreated into the water. We noted the shoreline closest to the 

perch (N, NE, E, SE, S, SW, W, and NW) and time of day. For both pooled and size 

partitioned data, we tested deviations from equality in time of day and location of basking 

activity using x2goodness-of-fit tests. To determine if perch variables differed by turtle 

size, we used Mann-Whitney U tests. We set our nominal alpha level at 0.05. 
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RESULTS 
Large turtles are not represented in our analysis because they retreated before we could 

make a proper species identification and perch location. We observed 35 small turtles 

and 21 medium-sized turtles basking. Sample sizes were too small to analyze a time 

effect by shoreline and turtle size. Medium and small-sized turtles basked in equal num¬ 

bers (%2= 3.50, d.f. = 1, p < 0.061). The analysis of the pooled data reveals that turtles 

preferred basking between 1300-1400 hrs (x2 =17.1, d.f. = 4, p = 0.002) along the east¬ 

ern and southeastern shorelines (x2 = 39.4, d.f. = 6, p < 0.001). Medium-sized turtles 

basked uniformly regarding shoreline (x2 = 4.71, d.f. = 3, p < 0.194) and time of day (x2 

= 0.524, d.f. = 3, p < 0.914), whereas small turtles, basked along the eastern and south¬ 

eastern shorelines (x2 = 23.2, d.f. = 6, p = 0.007) shortly after mid-day (x2 = 16.0, d.f. = 
4, p = 0.003; Figure 1). 

Neither PH (medium x = 26.79 cm, SE = 13.78, n = 21; small x = 10.96 cm, SE = 

1.655, n = 35; U = 271, n = 56, p = 0.102), nor WD (medium x = 78.22 cm, SE = 4.408, 

n = 16; small x = 75.94 cm, SE = 2.993, n = 26; U = 183, n = 42, p = 0.517), differed 

among turtle size classes. Small turtles basked on perches with a smaller PC compared to 

medium turtles (medium x = 76.83 cm, SE = 10.91, n = 21; small x = 36.03 cm, SE = 

3.821, n = 35; U = 168.0, n = 56, p < 0.001). 

DISCUSSION 

The time of greatest basking activity in the early spring at Round Pond was mid-day. 

This was also the case for a normothermic area of Par Pond, North Carolina (Spotila et al. 

1984). In Florida, daily basking activity was bimodal in the summer and unimodal in the 

fall (Auth 1975), whereas in Panama, T. scripta basked uniformly throughout the day 

(Moll and Legler 1971). Basking activity in Panama was more associated with the num¬ 

ber of previously cloudy and sunny days and intensified in the later rainy season when 

sunny days were fewer (Moll and Legler 1971). 

At Round Pond the greatest basking activity occurred along the eastern and southeastern 

shorelines, opposite the human inhabited shoreline. Although the human inhabited 

shoreline possessed several tree-falls, we cannot determine whether the difference 

occurred because of perch availability or human presence. To test for a difference we 

would need to calculate the number of available perches for each shoreline; however, we 

are unable to directly test if the impact was due to human occupancy. 

Medium-sized turtles basked opportunistically with respect to shoreline and time of day, 

which may be related to factors such as foraging activity, heat loss and gain, activity 

cycles, or even low sample size. Small turtles, however, support Foley’s (1976) hypothe¬ 

sis by basking around mid-day. Since water acts as a heat sink, and smaller organisms 

gain and lose heat faster than larger bodied organisms, smaller turtles may exhibit this 

trend because they are trying to maintain a higher core body temperature. Interestingly, 

small turtles preferred the eastern shoreline (differential habitat use discussed below). 

Only perch circumference differed between turtle size categories. This was not predicted 

because we expected small turtles to use perches of all dimensions with no upper limit. 

However smaller turtles at Round Pond only basked on perches with smaller circumfer- 
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ences. One explanation is that larger perches are lacking in the smaller turtle’s habitat. 

To substantiate this we would need to determine if small turtles occupy a different habi¬ 

tat, and if so, determine if large perches are equally available in that habitat. Social 

interactions may offer an alternative explanation. Several studies indicated that during 

aggressive behavioral displays larger turtles often displace smaller ones (Pritchard and 

Greenhood 1968, Bury and Wolfheim 1973, Auth 1975, Bury et al. 1979, Pluto and 

Beilis 1986, Lovich 1988, Lindeman, 1999). The displacement may cause smaller turtles 

to seek perch sites that exclude larger turtles (i.e., logs with smaller circumferences), or 

reduce the amount of social interaction. 
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ABSTRACT 

Fecal samples were collected from 655 passerine birds representing 190 species from 13 

collection sites in Guyana, Ecuador, Peru, and Argentina from August, 1990 - August, 

1997. The fecal samples were stored in 2.5% K2Cr207 and examined for coccidian 

oocysts within six weeks after collection. The overall prevalence of coccidian parasites 

in the samples was 20.9% (137/655). The one-sample test of equality of proportions was 

applied to the prevalence data comparing host behavior, habitat, and diet to the overall 

coccidial prevalence. Host behavior was divided into five groups according to the bird’s 

gregariousness with other birds. Solitary foragers or birds that forage in pairs had sig¬ 

nificantly lower coccidia prevalence (12.6% and 1.0% respectively) than the overall 

average. More gregarious birds that spend approximately equal amounts of time with 

other birds in pairs or in flocks had higher prevalence of coccidial parasites. Birds that 

forage alone or as couples (single-pairs) and birds that are periodically social foragers 

(single-pairs-flocks) were significantly higher than the overall average with 39.1% and 

42.9% respectively. Birds that forage in couples or flocks (pairs-flocks) were sightly 

below average with 16.0% parasite prevalence. Forest dwellers and ground feeders 

(22.5% and 23% respectively) had parasite infection rates near the overall average while 

canopy and forest border dwellers had significantly lower parasite prevalence (13.4% and 

8.7% respectively). Pertaining to diet, fruit eaters showed a significant lack of coccidia 

with a one percent infection rate compared to a 22.8% for ground insect and 28.5% for 

bark and leaf insect eaters. A profile of the wedge-billed woodcreeper (Glyphorynchus 

spirurus) was used as an example of a passerine species with a high prevalence of coc¬ 

cidian parasites. 

INTRODUCTION 

The isosporan and eimerian coccidian parasites are protozoan parasites with a direct life 

cycle and no intermediate hosts. Oocysts develop endogenously, are passed in the feces, 

and sporulate in the environment. Birds become infected when they ingest the sporulated 

oocysts while feeding. Transmission of the parasite is facilitated by close contact with 

infected hosts who are actively passing oocysts in their feces. Although the transmission 

of coccidian parasites is well known, there are few reports of the prevalence of coccidian 

parasites in wild animal populations and no reports of the prevalence of coccidia in the 

avifauna of South America. 
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The South American continent supports the largest and most varied avifauna in the world. 

No less than 3,000 bird species belonging to 865 genera and representing 93 families 

have been recorded (Ridgely and Tudor, 1989). With over a third of the world’s total 

avian species in one part of the world coupled with the fact that coccidian parasites are 

ubiquitous in vertebate populations, the prevalence of coccidian parasites in the passerine 

population could produce insight into the affect of the host’s diet, habitat, and behavior 

on coccidia transmission in avian populations. 

MATERIALS AND METHODS 

During bird collecting expeditions, fecal samples were collected from the small and large 

intestines of 655 passerine birds representing 190 species from 13 collection sites in 

Guyana (2 sites), Ecuador (6 sites), Peru (3 sites), and Northern Argentina (2 sites) from 

August, 1990 - August, 1997 (Figure 1) and sent to the author’s laboratory for examina¬ 

tion. Procedures for preserving fecal material are described by McQuistion and Wilson 

(1989). Fecal samples were 1-2 months old when examined. Positive fecal samples were 

determined from possible spurious or false positives if fewer than five oocysts were 

found in the entire fecal sample and those oocysts did not sporulate, the sample was 

considered negative. 

Calculation of overall coccidian prevalence 

The number of positive fecal samples was divided into the total number of fecal samples 

collected to determine the overall prevalence of coccidian parasites in the sample popula¬ 

tion. 

Comparison of coccidian prevalence with host behavior, habitat and diet 

The overall coccidian prevalence was compared to various groups within the sample 

population related to host behavior, habitat, and diet as described by Ridgely and Tudor 

(1989,1994). The one sample test of equality of proportions was used to compare the 

overall prevalence of coccidian parasites in the passerine population with the various 

groups within the population. The formula used was: 

Z = p-a 

^a(l - a) / n 

p = sample proportion 

a = overall parasitized proportion (.209) 

n = sample size (must be greater than 25) 

To reject H0: if Z > 1.96, P < 0.05 

Host behavior was divided into 5 catagories depending on the gregariousness of the avian 

host’s foraging behavior with other birds. The catagories were: (1) Single - a solitary 

forager, (2) Pairs - bird always seen foraging with another bird, (3) Single/Pairs - bird 

spends approximately equal amounts of time foraging alone or with another bird, (4) 

Pairs/Flocks - bird spends all its time foraging with one or many other birds, (5) Sin¬ 

gle/Pairs/Flocks - bird maybe seen foraging alone, with another bird, or in a flock. 
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Host habitat was divided into four catagories: (1) Forest Borders - the wooded area at the 

edge of clearings or river banks, (2) Canopy Dwellers - birds confined to the forest can¬ 

opy, (3) Forest Dwellers - the area from undergrowth to canopy, and (4) Ground Feeders 

- birds confined to the ground or low undergrowth. 

Host diet was divided into three catagories: (1) Bark/Leaf Insects - insects found on the 

bark or leaves of trees, (2) Ground insects - insects found only on the ground, and (3) 

Fruit - birds whose primary diet is fruit. 

Profile of an avian host with high coccidian prevalence 

The wedge-billed woodcreeper (Glyphorynchus spirurus), one of the species sampled in 

this study, was used to create a profile of an avian species most likely to show a high 

prevalence of coccidian parasites in its population. 

RESULTS 

Overall parasite prevalence 

One hundred thirty seven fecal samples were positive for coccidian parasites from a total 

of 655 samples. The fecal samples represented 190 avain species and had an overall 

parasite prevalence of 20.9%. 

Host behavior and parasite prevalence 

Exclusively solitary (single) or couple foragers (pairs) had significantly lower prevalence 

of coccidian parasites than the overall prevalence rate (12.6% and 1.0% respec- 

tively)(Table 1). Birds that divided their time as solitary and couple foragers (sin¬ 

gle/pairs) or engaged in the full range of foraging behavior (single/pairs/flocks) had a 

prevalence rate significantly higher than the overall prevalence rate (39.1% and 42.9% 

respectively). Birds that divided their foraging time as couples and flocks (pairs/flocks) 

had a 16% prevalence rate and was not significiantly different from the overall preva¬ 

lence rate. 

Host habitat and parasite prevalence 

Hosts that inhabit forest borders or in the forest canopy had significantly lower preva¬ 

lence rates than the overall parasite prevalence (8.7% and 13.4% respectively)(Table 2) 

while forest dwellers (22.5%) and ground feeders (23.0%) had parasite prevalences 

similar to the overall parasite prevalence. 

Host diet and parasite prevalence 

Fruit eaters had significantly lower parasite prevalence (1.1%) while birds that fed on 

bark or leaf insects showed a parasite prevalence (28.5%) significantly higher than the 

overall parasite prevalence (Table 3). Birds that fed on ground insects had a parasite 

prevalence (22.8%) near the overall parasite prevalence. 

Profile of the Wedge-billed Woodcreeper (Glyphorynchus spirurus) 

Sixty-eight adult wedge-billed woodcreepers (Glyphorynchus spirurus) were captured 

and sampled for coccidian parasites from Guyana, Ecuador, and Peru, more than any 

other single species. They showed a 45.6% prevalence of coccidian infection. 
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DISCUSSION 

Coccidiosis, the disease caused by coccidia when the host ingests many oocysts of a 

pathogenic strain, is a frequent problem when raising large numbers of domesticated 

animals in a confined space (Fayer and Reid, 1982). Poultrymen, cattlemen, rabbit 

breeders, pigion raisers, etc. are familar with the mortality and morbidity effects of coc¬ 

cidiosis. 

Coccidiosis is probably not a problem in wild populations because the hosts are widely 

distributed and not confined to limited areas where the oocysts concentration can increase 

in the environment to the point that the host would ingest large numbers of oocysts. 

However, from the parasite’s point of view, distribution would be more difficult in the 

natural setting. 

This study suggests that gregarious birds that spend much of their time foraging with 

other birds in a flock or with at least one other bird are more likely to be infected with 

coccidia than solitary or continuously paired foragers. Clustering behavior fosters oocyst 

transmission because of the close proximity of infected birds passing oocysts to potential 

new hosts. 

Habitat is also a factor in the prevalence of coccidia in avian populations. Ground feed¬ 

ers and forest dwellers showed higher prevalence of coccidia than birds that prefer forest 

borders or the forest canopy. Oocysts viability is dependent on moisture and oxygen 

(Brotherston, 1948; Farr and Wehr, 1949; Marquardt et al., 1960). Oocysts are very 

suspectible to desiccation and oxygen is required for sporulation and development to the 

infective stage. The soil in dense, humid forests would be moist and conducive to 

oocysts survivial and development. Forest borders and the forest canopy would have 

more sunlight and higher temperatures that would enhance desiccation and reduce oocyst 

vialibity (Long, 1959: Farr and Wehr, 1949). 

Host diet also plays a significant role in the prevalence of coccidia. Only one percent of 

birds that have fruit as the majority of their diet were infected with coccidia. Since most 

fruits are acidic, this would decrease the viability and retard the sporulation of oocysts 

(Yvore, 1976). Birds whose diet are ground insects and bark and leaf insects, especially 

in the lower regions of the dense forests where there is more moisture, shade and cooler 

temperatures, had much higher prevalence levels of coccidia. 

The wedge-billed woodcreeper (Glyphorynchus spirurus) is one of the most widespread 

and numerous birds in the Amazon River Basin. Indeed, 68 individuals were captured 

and sampled for coccidian parasites from Guyana, Ecuador, and Peru, more than any 

other single species. Because of its behavior, diet, and preferred habitat, it offered an 

excellent profile of an avian host most likely to be parasitized with coccidia. They eat 

bark insects, occur singley or in mixed flocks and favor the lower growth in dense humid 

forests. As a result, they showed a 45.6% prevalence of coccidian infection, well above 

the overall parasite prevalence with no apparent pathological effects. 
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Figure 1. Locations in South America where birds were collected for fecal samples. 
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Table 1. Prevalence of coccidian parasites in passerine, South American birds according 

to behavior. 

Behavior Percentage Parasitized/ 

Sample Size 

Z Score 

z>1.96 (P=0.05) 

Single 12.6% 23/183 2.762 * 

Pairs 1.0% 13/130 5.574 * 

Single/Pairs 39.1% 25/64 3.580 * 

Pairs/Flocks 16.0% 8/50 0.852 

Single/Pairs/Flocks 42.9% 12/28 2.864 * 

* Statistically significant at P < 0.05 from the overall prevalence average of 20.9%. 

Table 2. Prevalence of coccidian parasites in passerine, South American birds according 

to habitat. 

Habitat Percentage Parasitized/ 

Sample Size 

Z Score 

z>1.96 (P=0.05) 

Forest Borders 8.7% 4/46 2.038 * 

Canopy 13.4% 25/186 2.517* 

Forest Dwellers 22.5% 102/453 0.838 

Ground Feeders 23.0% 78/339 0.950 

* Statistically significant at P < 0.05 from the overall prevalence average of 20.9%. 

Table 3. Prevalence of coccidian parasites in passerine, South American birds according 

to diet. 

Diet Percentage Parasitized/ 

Sample Size 

Z Score 

z>1.96 (P=0.05) 

Fruit 1.1% 6/81 4.406 * 

Ground Insects 22.8% 43/189 0.642 

Bark/Leaf Insects 28.5% 66/232 2.828 * 

Statistically significant at P < 0.05 from the overall prevalence average of 20.9%. 
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ABSTRACT 

The Vermilion River drainage, especially the North Fork Vermilion River, supports one 

of the most diverse mussel faunas in Illinois. During 1996-1998, a survey was conducted 

in the Middle Branch, the largest tributary of the North Fork. Twenty-two species were 

recorded as extant in the river, including 9 state-threatened or endangered species. The 

federally endangered clubshell (Pleurobema clava), which was believed to be extirpated 

from the state, was discovered in the Middle Branch. Two other species (slippershell 

(.Alasmidonta viridis) and kidneyshell (Ptychobranchus fasciolaris)) not recorded from 

the North Fork drainage in recent surveys were also documented. The Middle Branch 

supports Illinois’ only known population of the clubshell, the state’s best remaining 

populations of 4 other state-listed species, and has a species richness and abundance 

comparable to larger high-quality streams in the state. The Middle Branch supports the 

most biologically significant mussel fauna in Illinois. 

INTRODUCTION 

The Vermilion River (Wabash River drainage) is one of the most biologically rich 

aquatic communities in Illinois. The watershed historically supported 98 fish and 45 

mussel species (Illinois Natural History Survey Fish Collection data; Cummings and 

Mayer, 1997). Currently, 74 fish and 34 mussel species remain extant in the drainage, 

making it one of the state’s most significant biological resources (Page, et al. 1992). 

The North Fork Vermilion River is known to support more state-listed threatened or 

endangered aquatic species than any other medium-sized river in Illinois (Endangered 

Species Protection Board, 1993). Surveys in 1997 in the North Fork watershed docu¬ 

mented the existence of 23 mussel species, including 5 state-listed species (Cummings, et 

al., 1998a). The 1997 survey, however, failed to locate live individuals of 6 other listed 

species, including the federally endangered clubshell (Pleurobema clava), that were his¬ 

torically present (Baker, 1922; Suloway, et al. 1981). As a result, the clubshell was 
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thought to have been extirpated from the river and Illinois. The continued presence of 5 

other species, including the state listed slippershell (Alasmidonta viridis) and kidneyshell 

(Ptychobranchus fasciolaris), was considered uncertain. 

Based on spot collections, the Middle Branch appeared to support a mussel fauna similar 

to the main stem North Fork in diversity, including 4 state-listed species: wavyrayed 

lampmussel (Lampsilis fasciola), purple lilliput (Toxolasma lividus), rainbow (Villosa 

iris), and little spectaclecase (Villosa lienosa) (Schanzle, IDNR, unpubl. data; Cummings, 

et al. 1998a). Following the recommendations of Cummings, et al. (1998a), a systematic 

mussel survey of the Middle Branch was conducted with a special emphasis on rare spe¬ 

cies. 

LOCATION 

The Middle Branch is the largest tributary of the North Fork Vermilion River. It begins 

about 4 miles (6.4km) southeast of Cheneyville, northeastern Vermilion County, Illinois, 

and flows southwesterly and southerly to its confluence with the North Fork, 1 mile 

(1.6km) west of Alvin. Its only major tributary, Jordan Creek (also known as East 

Branch on some maps) begins in western Indiana and empties into the Middle Branch 1.5 

miles (2.4km) northwest of Alvin (Fig. 1). The Middle Branch is 17.3 miles (27.8km) in 

length and drains an area of 43 mi2 (111km2) in Illinois; Jordan Creek is 7.2 miles 

(11.6km) long and has a watershed of 22 mi2 (57km2) in Illinois (Illinois Department of 

Natural Resources, 1999a). A significant portion of the watershed lies in Indiana. Both 

are third-order streams until their confluence where the Middle Branch becomes a fourth- 

order stream. 

In-stream habitats consist of well-developed pool-riffle-run systems, particularly in 

downstream reaches. Substrates are predominantly sand and gravel with occasional areas 

of silt in slack water or cobble in runs and riffles. The watershed is primarily agricul¬ 

tural; row crops account for approximately 87% of the land cover (Illinois Department of 

Natural Resources, 1999b). A few sections of these streams have been channelized and 

drainage tile outflow occurs nearly basin-wide. Permanent vegetation cover along the 

riparian corridors, in the form of pasture, hay, idle ground, or riparian buffer strips, is 

more notable here than elsewhere in east-central Illinois (RES, pers. obs.). Lower stream 

reaches, particularly below the confluence, support a well-developed woody riparian 

corridor. 

METHODS 

Live mussels and shells of dead individuals were surveyed at 8 sites along the Middle 

Branch and 10 sites along Jordan Creek during 1996-1998 (Fig. 1). Each site was sam¬ 

pled by hand for 1-3 man-hours depending on stream size, habitat complexity, and num¬ 

ber of mussels present. Special emphasis was placed on habitats likely to support live 

mussels, especially rarer species. Voucher specimens were collected and placed in the 

Mollusk Collection of the Illinois Natural History Survey, Champaign, Illinois. Nomen¬ 

clature follows Turgeon, et al. (1998). 
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RESULTS 

Twenty-two species were collected from 18 sites in the Middle Branch and Jordan Creek; 

all 22 were recorded in Middle Branch and 20 were recorded in Jordan Creek (Table 1). 

The lilliput (Toxolasma parvus) and rabbitsfoot (Quadrula cylindrica) were the only 

species not collected alive. The lilliput is a small species and can easily be overlooked by 

hand sampling. It was found as shells at 5 of 18 sites in the survey. Its distribution and 

abundance in Illinois suggest that it is extant in the Middle Branch (Cummings and 

Mayer, 1997). 

Of the 22 species recorded, 9 are listed as threatened or endangered by the state of Illinois 

(Herkert, 1992; Herkert, 1999). The clubshell is also listed as federally endangered 

(USFWS, 1997). Of the 9 listed species, only the rabbitsfoot was not collected alive. A 

shell was collected in Middle Branch. The state endangered rabbitsfoot is still present in 

the North Fork just below the confluence with the Middle Branch (Cummings, et al., 

1998a). It is possible this species is extant in the lower reaches of the Middle Branch. 

Cummings, et al. (1998a) provided detailed historical reviews for all state-listed species 

known from the North Fork drainage. That review covered 8 of the 9 species docu¬ 

mented from the Middle Branch. The species accounts that follow provide information 

that updates these previous accounts. The purple wartyback (Cyclonaias tuberculata) 

was listed as state-threatened after publication of Cummings, et al. (1998a) and a brief 

review for this species follows. 

The most widespread species, present at 10 or more sites, were giant floater (Pyganodon 

grandis), fatmucket (Lampsilis siliquoidea), Wabash pigtoe (Fusconaia flava), creeper 

(Strophitus undulatus), plain pocketbook (.Lampsilis cardium), little spectaclecase (Vil- 

losa lienosa), slippershell (Alasmidonta viridis), creek heelsplitter (Lasmigona com- 

pressa), threeridge (.Amblema plicata), and cylindrical papershell (Anodontoides ferus- 

sacianus) (Table 1). Most of these species are widespread and common in Illinois. The 

little spectaclecase and slippershell are state-listed, and their general distribution 

throughout the Middle Branch drainage is exceptional. 

The most abundant species found were fatmucket, creeper, giant floater, and Wabash 

pigtoe, accounting for 83% of all live individuals found. These species are all common 

and widely distributed in Illinois (Cummings and Mayer, 1997). 

DISCUSSION 

Based on comparisons with other Illinois drainages, the Middle Branch supports one of 

the most diverse mussel faunas in the state (Table 2). Species richness is comparable 

with those of larger, high-quality river systems, especially considering that the latter 

provide habitat and potential fish hosts for species that the Middle Branch does not sup¬ 

port. With the exception of the entire Vermilion River watershed, the Middle Branch 

supports more rare species than any other drainage in Illinois, regardless of size. 
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Federally Endangered Species 

Clubshell. This species was thought to have been extirpated from Illinois by Cummings, 

et al. (1998a) after extensive surveys of historical locations. Prior to this survey, the 

clubshell was last recorded alive in Illinois in the North Fork near Alvin in 1958 

(Matteson, Univ. Illinois., unpublished 1956-1958 survey). Only a fresh dead shell (tis¬ 

sue still attached) found at the same site in 1980 indicated the species might still be extant 

in the state. A live individual collected from the Middle Branch in 1998 not only restores 

the species to the state’s fauna but, at a total length of 4.5 cm, suggests successful repro¬ 

duction in the past decade. 

Illinois Endangered Species 

Wavyrayed lampmussel. This species was found alive at six sites during 1996-1998. 

Currently restricted in Illinois to the Vermilion River drainage, the Middle Branch sup¬ 

port the largest remaining population of this species in Illinois. 

Kidneyshell. The kidneyshell has not been reported alive in the Vermilion drainage since 

1980 (Suloway, et al., 1981). Cummings, et al. (1998a) described its status in the North 

Fork Vermilion River as uncertain. A single live individual was found in 1998, con¬ 

firming the kidneyshell’s presence in the drainage. It may also persist in the lower Mid¬ 

dle Branch, where limited collecting has been performed to date. 

Rabbitsfoot. This species has not been found alive in the Middle Branch. A collection of 

paired valves and limited survey efforts in the lower reaches where suitable habitat may 

exist suggest the species may still be present. 

Purple lilliput. This small species is currently known in Illinois only from the North Fork 

drainage and a single site in Big Grande Pierre Creek in Pope County (Cummings, et al., 

1998a; INHS Mollusk Collection data). It has been found alive at one station in the 

North Fork proper and three locations in the Middle Branch, suggesting the latter sup¬ 

ports the best remaining population in Illinois. 

Rainbow. Like the purple lilliput, the rainbow is likely restricted to the North Fork Ver¬ 

milion River drainage, although there have been recent reports of live specimens col¬ 

lected in the Fox River drainage in northern Illinois, where it had been known histori¬ 

cally. The documentation of five live individuals and its presence at five different sites 

suggest that the Middle Branch supports the best population of this species in Illinois. 

Little spectaclecase. This species, though uncommon, is widely distributed in the Middle 

Branch drainage, particularly in Jordan Creek. The little spectaclecase is currently 

known only from the Embarras and Vermilion rivers, where it is sporadic in occurrence 

(Cummings and Mayer, 1997) and the Little Vermilion River drainage where it is fairly 

common upstream of the Georgetown Reservoir (Cummings, et al., 1998b). The Middle 

Branch supports one of the best populations in Illinois. 

State Threatened Species 

Slippershell. Prior to this survey, the only live records for this species in the entire Ver¬ 

milion drainage were from Bean Creek, a tributary of the Middle Fork River, in 1989 

(Cummings, et al., 1998a). The species is widely distributed in the Middle Branch and, 
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due to its small size, may be more common than indicated as suggested by high numbers 

of dead shells in Jordan Creek in Indiana (RES, pers. obs.). 

Purple wartyback. Historically known from 12 drainages in the state, it is now found 

only in three: Vermilion, Kankakee, and Ohio River proper. The Ohio River population is 

threatened by zebra mussels and may not be viable. The purple wartyback was collected 

alive in Jordan Creek and was recently documented from the lower reaches of the Middle 

Branch (Szafoni, unpubl. data). 

CONCLUSIONS 

The Middle Branch supports the single most biologically significant mussel fauna in 

Illinois. A total of 22 species, including 9 federal/state-listed species, are known from the 

stream. Eight of the listed species are still extant. The Middle Branch supports Illinois’ 

only population of the federally listed clubshell, the state’s best populations of the state 

endangered wavyrayed lampmussel, purple lilliput, and rainbow, and one of the largest 

populations of the state endangered little spectaclecase. Further, two other species con¬ 

sidered uncommon to rare in Illinois, the creek heelsplitter (Lasmigona compressa) and 

fluted shell (Lasmigona costata), are also present in the stream, with the former present in 

significant numbers (Table 1). 

Equally notable is the distinct possibility that no species has been extirpated from the 

drainage to date. With the exception of the lilliput and rabbitsfoot, which likely still 

persist in the Middle Branch, all known species are still extant. Given significant mussel 

population declines and species extirpation in Illinois (Cummings and Mayer, 1997) and 

nationwide (Williams, et al., 1993), the existence of a such potentially complete fauna is 

remarkable. 

High mussel diversity is frequently associated with high fish diversity (Watters, 1992). 

Several rare fishes (e.g., eastern sand darter, Ammocrypta pellucida) are known from the 

North Fork drainage (INHS Fish Collection data) and may exist in Middle Branch. A 

comprehensive fish survey along with a greater effort to sample mussels in more remote 

reaches, will provide better information on the distribution, abundance, and biological 

significance of this outstanding aquatic resource. 
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Table 1. Frequency and abundance of mussels in Middle Branch (MB) and its tributary, 

Jordan Creek (JC), North Fork Vermilion River drainage, Illinois and Indiana. 

Frequency expressed as the number and percent of sites at which a species was 

found (live or as a shell) (N = 8 for Middle Branch; N = 10 for Jordan Creek); 

abundance expressed as the total number of live individuals recorded. (ST = 

state threatened, SE = state endangered, FE = federally endangered.) 

Species Freq MB Freq JC Abund 

MB 

Abund 

JC 

Total 

Abund 

AMBLEMINAE 

Amblema plicata - threeridge 3 (37%) 7 (70%) 7 61 68 

Cyclonaias tuberculata - purple wartyback ST 1 (12%) 1 (10%) 1 0 1 

Fusconaia flava - Wabash pigtoe 5 (62%) 10(100%) 76 110 186 

Pleurobema clava - clubshell SE 1 (12%) 1 (10%) 1 0 1 

Pleurobema sintoxia - round pigtoe 1 (12%) 3 (30%) 1 4 5 

Quadrula cylindrica - rabbitsfootSE 1 (12%) 0 (0%) 0 0 0 

ANODONTINAE 

Alasmidonta viridis' slippershellST 7 (87%) 5 (50%) 8 3 11 

Alasmidonta marginata - elktoe 2 (25%) 4 (40%) 2 6 8 

Anodontoides ferussacianus - 

cylindrical papershell 

8(100%) 5 (50%) 17 9 26 

Lasmigona complanata - white heelsplitter 2 (25%) 4 (40%) 1 8 9 

Lasmigona compressa - creek heelsplitter 6 (75%) 4 (40%) 14 13 27 

Lasmigona costata - fluted shell 2 (25%) 3 (30%) 3 2 5 

Pyganodon grandis - giant floater 8 (100%) 10(100%) 182 25 207 

Strophitus undulatus - creeper 6 (75%) 8 (80%) 33 183 216 

LAMPSILINAE 

Lampsilis cardium - plain pocketbook 6 (75%) 4 (40%) 47 11 58 

Lampsilis fasciola - wayrayed lampmusselSE 3 (37%) 6 (60%) 14 4 18 

Lampsilis siliquoidea - fatmucket 7 (87%) 10 (100%) 429 197 626 

Ptychobranchus fasciolaris - kidneyshellSE 1 (12%) 0 (0%) 1 0 1 

Toxolasma lividus - purple lilliput SE 2 (25%) 5 (50%) 1 4 5 

Toxolasma parvus - lilliput 2 (25%) 3 (30%) 0 0 0 

Villosa iris - rainbow SE 4 (50%) 2 (20%) 5 2 7 

Villosa lienosa - little spectaclecase SE 4 (50%) 9 (90%) 3 11 14 
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Table 2. A comparison of stream length in miles (km), watershed area in miles2 (km2), 

species richness (live post-1969), and number of state- and federally listed spe¬ 

cies for the Middle Branch and other high-quality Illinois streams. Data are only 

for the Illinois portions of these streams. [Data from IDNR (1999), Cummings 

and Mayer (1997), and this study.] 

River Length 

mi (km) 

Watershed Area 

mi2 (km2) 

# Mussel 

Species 

# Listed 

Species 

Middle Branch 24 (39) 65 (168) 22 9 

North Fork, 

Vermilion River 

62 (100) 294 (762) 23 9 

Vermilion River 257 (414) 1,478 (3,831) 34 10 

Mackinaw River 128 (206) 1,138 (2,950) 24 1 

Kankakee River 58 (93) 2,163 (5,607) 27 5 

Embarras River 189 (304) 2,673 (6,929) 32 3 

Illinois River 272 (438) 24,810 (64,310) 26 1 
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Figure 1. Collecting sites in Middle Branch and Jordan Creek, North Fork Vermilion 

River, Illinois, 1996-1998. 
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ABSTRACT 

Six-lined racerunners, Cnemidophorus sexlineatus, in northwestern Illinois were studied 

in June of 1997 and 1998. The sand prairie habitats of these lizards in Illinois are rela¬ 

tively small and isolated. I report preliminary information on population size, density, 

structure, and food habits that provides a base for future research on Illinois populations 

of C. sexlineatus. Low recapture rates suggested that the population size was relatively 

large. The future of this population depends on availability of sand prairie habitat, which 

may be threatened by its fragmented status and recent increase in human activities. 

INTRODUCTION 

The six-lined racerunner, Cnemidophorus sexlineatus, is widespread throughout central 

and eastern United States (Conant and Collins, 1991). Information on population density, 

home range size, feeding habits, and other aspects of this lizard’s ecology has been gath¬ 

ered primarily from southern and western populations (Fitch, 1958; Carpenter, 1959; 

Hardy; 1962; Beilis, 1964; Clark, 1976). Little is known about the ecology of C. sex¬ 

lineatus in the northern portion of its range. 

Illinois populations of C. sexlineatus are mainly confined to dry hill prairies and sand 

prairies adjacent to the Mississippi, Ohio, and Illinois Rivers (Smith, 1961). Fragmenta¬ 

tion of suitable habitat has increasingly isolated these populations. In June of 1997 and 

1998, I gathered data from two nearby localities inhabited by C. sexlineatus in Whiteside 

and Carroll Counties, Illinois (Warner, 1998). Herein, I present observations on popula¬ 

tion size, density, structure, and food habits. I report information gathered in 1997 (War¬ 

ner, 1998) and in 1998. In addition, I discuss the significance of my findings in relation 

to previous reports on other populations. 
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STUDY AREAS 

Field work was conducted at two study sites separated by approximately 500 m of pine 
plantation. The southernmost site is located at the Thomson-Fulton Sand Prairie in 
Whiteside County, Illinois. This sand prairie is bordered on the south and east by agri¬ 
cultural development, on the north by a pine plantation, and on the west by the Missis¬ 
sippi River. The Thomson-Fulton Sand Prairie is governed by the Illinois Natural Heri¬ 
tage Commission and covers about 0.40 km2. The second site just north of the pine 
plantation is in Carroll County, Illinois. It is also bordered by the Mississippi River to the 
west and by agricultural development and human habitation to the north and east. This 
site is a segment of the Upper Mississippi River National Wildlife and Fish Refuge and 
covers about 0.12 km2. Both sites are characterized by sandy soils and grass/shrub vege¬ 
tation. Dominant plants include Stypa sp., Opuntia humifusa, patches of Rhus aromatica, 
Tradescantia virginiana, and Tephrosia virginiana. Various tree species (Quercus sp., 
Prunus sp., Rhus sp., and Juniperus sp.) are scattered throughout both sites. Mohlen- 
brock (1986) provides a list of grass species of the sand prairie. Vegetative cover varies 
greatly as some areas are densely covered, whereas other areas are nearly devoid of 
vegetation (large sand blowouts). Smith (1961) and Warner (1998) provide photographs 
of sand prairie habitat in Whiteside County. 

MATERIALS AND METHODS 

Field work was conducted every morning from 1 June through 2 July 1997 and 27 May 
through 2 July 1998 except for rainy or highly overcast days when Cnemidophorus sex- 
lineatus was not active. Drift fences with pit fall traps were placed only in areas where 
lizards were observed. Drift fences were constructed of aluminum flashing (about 30 cm 
high), and buckets (19 liter) were buried at approximately 5 m intervals from each end of 
a fence. Fences were checked twice daily, once in the morning and once in the evening 
(except on rainy or overcast days). At the Thomson-Fulton Sand Prairie, lizards were 
captured only by hand until 21 June 1997 when drift fences were installed. Four drift 
fences (two straight and two three-winged arrays covering a total distance of approxi¬ 
mately 130 m) were installed along the western half of the prairie. In 1998, eight drift 
fences (three straight and five three-winged arrays covering a total distance of approxi¬ 
mately 225 m) were installed on both eastern and western halves of the Thomson-Fulton 
Sand Prairie. Three straight fences (total distance = 55 m) were installed at the northern 
site on 16 June, 1998. 

After capture, snout-vent length (SVL) and tail length were measured to the nearest mm 
and mass was taken with a Pesola® spring scale to the nearest g. Other features were also 
recorded (i.e. broken tail or reproductive status). Adults were sexed by examining secon¬ 
dary sexual characteristics (Smith, 1961). Lizards were marked with unique toe clip 
combinations for individual identification (Waichman, 1992). Toe clipping apparently 
does not affect the sprint performance of C. sexlineatus (Dodd, 1993). Toes that were 
removed were retained in liquid nitrogen for future genetic studies. Lizards were 
released at their location of capture. 

Population size was estimated using mark-recapture data only from the Thomson-Fulton 
Sand Prairie because no lizards were recaptured at the northern site in 1997. Recapture 
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rate was low in 1997 and 1998, therefore, traditional population size estimators (Lincoln- 

Peterson, Jolly-Seber) were not used. Instead, I used a Bayesian method that is designed 

for cases with low recapture rates (Gazey and Staley, 1986). This procedure estimates 

probabilities for all possible population sizes (for more details about this technique, see 

Gazey and Staley [1986]). 

Population density was estimated only for the Thomson-Fulton Sand Prairie. Density was 

estimated using data collected during visual encounter surveys (VES) conducted on 28 

and 29 June, 1997. Surveys were conducted from 0900 to 1100 when racerunner activity 

was high. Visual encounter survey transects were spaced at 10 m intervals with five 

people covering 50 m. Visual encounter surveys covered 0.30 km2 of the Thomson-Ful¬ 

ton Sand Prairie. Lizard sightings were recorded and their perpendicular distance from 

the transect line was estimated to the nearest meter. Density estimation was calculated as 

D = n/2La, where n = number of lizards sighted, L = length of the transect, and a = great¬ 

est distance that a lizard was sighted from the transect (Krebs, 1989). Visual encounter 

surveys were not conducted at the northern study site nor were they conducted at either 

site in 1998. 

To investigate distribution of lizards throughout the prairie in relation to vegetation, I 

measured vegetative cover around each drift fence and evaluated the relationship between 

vegetative cover and capture success. A 1 x 1 m quadrat, divided into 100 10 x 10 cm 

squares, was used to measure vegetative cover. The quadrat was raised above the ground 

on 30.5 cm stilts. The 10 x 10 cm squares were visually subdivided into 400 5 x 5 cm 

squares to increase resolution. The number of squares filled with vegetation was divided 

by 400 to give a percentage of vegetative cover in a particular area. Four vegetation 

samples were taken around the straight drift fence arrays and six samples were taken 

around the three winged arrays. Each quadrat was located 1 m from the ends and middle 

of each array. These locations represented the vegetative density that lizards would pass 

through to get to the drift fence. 

To obtain information on feeding habits, I collected fecal samples produced by lizards 

after capture. Samples were frozen and later analyzed in the laboratory. 

RESULTS 

Lizards with a SVL of 50 mm or greater were defined as adults and those less than 50 

mm were juveniles. A total of 42 lizards was captured, marked, and released in 1997. Of 

these, 14% (n=6) were juveniles, 52% (n=22) were adult male, and 34% (n=14) were 

adult female. Four of the 14 females were gravid (29%). All gravid females were cap¬ 

tured from mid June to the end of June (between 13 and 29 June). In 1998, a total of 80 

lizards was captured. Of these, 14% (n=ll) were juveniles, 49% (n=39) were adult male, 

and 37% (n=30) were adult female. Fifteen females were gravid (50%) and captured as 

early as 27 May and as late as 24 June. The male to female sex ratio was 1.57:1.00 in 

1997 and 1.30:1.00 in 1998 and did not differ significantly from 1:1 in either year 

(X2i997=1-78, P=0.18; X2i998=1.17, P=0.37). The overall sex ratio (both years combined) 

did not differ significantly from 1:1 (%2=2.75, P=0.10). 
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Male and female racerunners did not differ significantly in mass or SVL (Table 1). I did 

not include the mass of gravid females in these calculations because their mass was sig¬ 

nificantly greater than that of nongravid females (t=3.97, P=0.001). Mass and SVL of 

juveniles and adults did not differ significantly between years. The frequency of juvenile 

capture (14% in 1997 and 1998) was much less than the frequency of adult capture (86% 

in 1997 and 1998). It was also clear from daily observations that adult abundance was 

much greater than that of the juveniles during June of both years. Juvenile SVL’s ranged 

from 32 mm to 47 mm, whereas adult SVL ranged from 51 mm to 72 mm (Figure 1). 

Recapture frequency was low during both years even when combining the data from the 

two study sites. During 1997, 14.2% (6 of 42) of all lizards marked and released were 

recaptured. However, an additional 12% (5) that were marked in 1997 (all adults) were 

recaptured for the first time in 1998, giving a recapture frequency of 26% when combin¬ 

ing all recaptures of the animals marked in 1997. Of the 80 individuals captured in 1998, 

only four were recaptured (5%). Combining both field seasons, 11 of the 14 recaptures 

(78.6%) were male, and 3 (21.4%) were female. No juvenile was recaptured either year. 

I used capture-recapture data only from the Thomson-Fulton Sand Prairie study site to 

estimate population size. Most of the sampling efforts were concentrated on the west half 

of the prairie in 1997; 36 captures and 6 recaptures were used in the population estimate. 

The Bayesian method indicated that the most probable population size was approximately 

90 individuals. In 1998, I used the same method with 59 captures and 2 recaptures. The 

most probable estimate was 191 lizards. In a third analysis, I used the same method, but 

included the 1997 and 1998 captures (36 and 59 lizards, respectively), plus the individu¬ 

als that were marked in 1997 but were recaptured in 1998 (4 lizards). For both years 

combined the most probable population estimate was approximately 200 lizards (Figure 

2). 

Population density estimate from visual encounter surveys at the Thomson-Fulton Sand 

Prairie was 333 lizards/km2 in 1997. The total population size for the entire Thomson- 

Fulton Sand Prairie (0.40 km2) was thus estimated at 133 lizards. Visual encounter sur¬ 

veys were not conducted in 1998. 

Capture rate per drift fence was not related to the vegetative cover around the drift fences 

(second order regression, r2=0.31, df=10, P=0.23). However, lizards were not seen in 

areas with extremely high and low amounts of vegetation cover. No lizards were caught 

or observed in sand blowouts. Lizard capture rate was greatest in drift fences assembled 

in areas with an intermediate amount of vegetation cover (51.3% cover) and lowest at 

fences assembled in low vegetation cover (21.3% cover) (Table 2). 

Twenty five adult fecal samples were analyzed. Of the samples, 52% contained Orthop- 

tera, 24% contained Hymenoptera, 20% contained Coleoptera, 4% contained Diptera, and 

20% contained unidentified arthropod parts. 
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DISCUSSION 

The patterns of recruitment documented for southern and western populations of C. sex- 

lineatus may provide an explanation for the relatively high abundance of adult lizards 

during my June observations (Fitch, 1958; Carpenter, 1959; Hardy, 1962; Etheridge et 

al., 1983; Mushinsky, 1985; Paulissen, 1988). Eggs of southern and western populations 

hatch between July and September and hatchlings remain active until late October or 

early November, whereas adults go into hibernation in mid-September. Hatchlings grow 

until hibernation and emerge from hibernation a month earlier than adults. Hatchlings 

reach near adult size in June or July. Assuming a similar pattern of recruitment at my 

study site, mostly adults and few juveniles would be expected to be seen during June. 

Another possible explanation is that overwinter survivorship could be low, therefore 

juveniles would be in low abundance during June compared to hatchling abundance prior 

to winter. 

Two age classes were identified based on SVL. Small lizards (SVL<50 mm) were most 

likely juveniles in their first year and large lizards (SVL>50 mm) included adults of 

various ages. Female body size at maturity in Illinois is similar to that of western popu¬ 

lations. Studies of western populations (Kansas, Oklahoma, and Texas) report females 

reaching maturity at a minimum size of 54 mm (Fitch, 1958; Carpenter, 1960; Hodden- 

bach, 1966). In this study, the smallest gravid female captured was 58 mm. However, 

Beilis (1964) suggests that it is possible that females do not lay eggs until they reach 71 

mm at his South Carolina population. 

Racerunners in this population have a similar body size to those in Florida. In this study, 

mean body size for adult males was 61 mm and adult females was 62 mm. The largest 

individual captured had a SVL of 72 mm. In addition, Smith (1961) points out that race- 

runners rarely exceed 70 mm in Illinois, except for a population at the southern tip of the 

state. In a Florida population, adult body size rarely exceeds 65 mm (Mushinsky, 1985). 

Racerunners in Kansas (Fitch, 1958), Oklahoma (Carpenter, 1959, 1960), and Texas 

(Clark, 1976) exceed 80 mm in SVL. My findings and Mushinsky’s (1985) findings 

suggest that adult racerunners in northern Illinois and Florida do not reach the body 

lengths of racerunners from western populations. 

Sex ratios (males:females) did not statistically differ from 1:1 in either year. Sex ratios in 

this study were similar to that in a South Carolina population (1.44:1.00) (Beilis, 1964). 

These ratios may be male biased because males tend to be more active and are more 

likely to be captured (Carpenter, 1959; Beilis, 1964). 

The population estimate for the two years combined seemed to be the most reasonable. 

The most probable population estimate using the 1997 data (90 lizards) was not likely to 

be accurate because I captured over 90 different lizards and still had low recapture rates 

over the two year study. The population estimate using the 1998 data showed a broad 

distribution of possible population sizes and the most probable estimate (191 lizards) is 

not very different from the analysis with the two years combined. For the two years 

combined, the population estimate had a narrow distribution of possible population sizes 

and the most probable estimate was 200 lizards (figure 2). Overall, a total of 122 indi- 
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vidual captures with only 14 recaptured over the two year study indicated that this popu¬ 

lation is relatively large. 

These population estimates would be biased if individuals became trap shy after their 

initial capture or if individuals were not equally available for capture because of differ¬ 

ential dispersal. However, all lizards that were recaptured in pit fall traps were initially 

captured in pit fall traps suggesting that lizards did not become trap shy. Moreover, the 

population consisted mostly of resident adults that would be unlikely to disperse into 

surrounding non-sand prairie habitat. 

Data from the visual encounter survey in 1997 indicated that the number of lizards (133) 

estimated for the entire Thomson-Fulton Sand Prairie is within the range of possible 

population sizes from the Bayesian estimates. 

Variation in vegetative cover can influence local abundances of lizards. Lizards in this 

study were never observed or caught in open sandy blowouts, possibly because of the 

lack of retreat sites. In addition, lizards were never observed in areas where vegetation 

was extremely dense (i.e. close to 100% cover). Areas with intermediate amounts of 

vegetative cover resulted in higher capture frequency, which presumably reflects local 

abundances of lizards, however, this relationship was not statistically significant. 

Little is known of the diet of C. sexlineatus in Illinois (Smith, 1961). My findings are 

consistent with those of other studies. Orthoptera parts were most frequently found. 

Orthopterans have been shown to be a major part of the adult diet (Paulissen, 1987a, 

1987b). In Oklahoma, Orthoptera was most frequently found in diets of adults (Paulis¬ 

sen, 1987a). Similar observations were made in populations in Georgia (Hamilton and 

Pollack, 1961) and Kansas (Fitch, 1958). 

Information in this report provides a preliminary base for future research on Illinois 

populations. One concern is that this population may experience inbreeding and be more 

likely to become extinct compared to populations in large unfragmented habitat. Habitat 

conservation is important in maintaining stable populations. For example, prescribed 

burns scheduled for the sand prairie may be beneficial for C. sexlineatus. Research in 

Florida indicates that periodic fires open up habitat for C. sexlineatus and result in 

increased density (Mushinsky, 1985). In addition, selective cutting and bulldozing may 

cause expansions of C. sexlineatus populations (Walker, 1964). A public bicycle path 

was recently constructed through the middle of the northern site and its impact on C. 

sexlineatus is unknown. 
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Figure 1. Size distributions of Cnemidophorus sexlineatus captured in 1997 and 1998. 

Juvenile SVL ranged from 32 to 47 mm and adult SVL ranged from 51 to 72 

mm. 

Snout-Vent Length (mm) 
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Figure 2. Estimates of the Cnemidophorus sexlineatus population size at the Thomson- 

Fulton Sand Prairie (0.40 km2) for 1997, 1998, and combined years. Data from 

1997 included 36 captures and 6 recaptures. Data from 1998 included 59 cap¬ 

tures and 2 recaptures. Data from the two years combined included 95 captures 

and 6 recaptures, which included lizards marked in 1997 but recaptured in 

1998. The Bayesian population estimate is a probability density function, 

therefore the sum of the probabilities for all possible population sizes equals 

one. The probability that the population size is within the range under the 

curve is one. 
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Table 1. Summary of size data (mean ± standard deviation, range) for combined years. 

n SVL (mm) Mass (g) 

Male 61 60.9 ±3.3, 51-68 6.9 ± 1.1,5-10 

Female 44 61.9 ±3.7, 56-72 7.4 ± 1.6, 4-10 

Juvenile 17 40.5 ± 3.9, 32-47 2.9 ± 1.1, 1-6 

Total 122 58.4 ± 6.6, 32-72 6.6 ± 1.9, 1-10 

Table 2. Lizard capture rate for drift fences assembled in areas with low, intermediate, 

and high vegetative cover. Drift fences were not assembled in areas with 0% or 

100% vegetation cover because lizards were never observed or caught in areas 

with those vegetation densities. The relationship between capture rate per drift 

fence and vegetative cover around drift fences was not statistically significant 

(second order regression, r2=0.31, df=10, P=0.23). 

Vegetative cover (%) Number of liz- Capture rate (liz- 

(mean ± standard deviation)_ards captured_ards/day) 

Low (21.3 ±9.2) 6 0.13 

Intermediate (51.3 ± 28.5) 18 0.43 

High (76.0 ±20.8) 16 0.33 
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Erratum 
In Issue #3 of Transactions volume 93 (2000), the second figure of the article on 

Ecological Observations on the Six-Lined Racerunner (Cnemidophorus sexlineatus) in 

Northwestern Illinois was incorrectly printed. 

At the beginning of this Issue #4, the correct Figure that should have occurred on page 

247 is reprinted in its entirety for each of replacing the incorrect page in Issue #3. 
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Figure 2. Estimates of the Cnemidophorus sexlineatus population size at the Thomson- 

Fulton Sand Prairie (0.40 km2) for 1997, 1998, and combined years. Data from 

1997 included 36 captures and 6 recaptures. Data from 1998 included 59 cap¬ 

tures and 2 recaptures. Data from the two years combined included 95 captures 

and 6 recaptures, which included lizards marked in 1997 but recaptured in 

1998. The Bayesian population estimate is a probability density function, 

therefore the sum of the probabilities for all possible population sizes equals 

one. The probability that the population size is within the range under the 

curve is one. 
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ABSTRACT 

A new green alba allele (vaoA) of the orange variegation (vao) locus of Collinsia hetero¬ 

phylla Buist. (2N=14) has been identified. The homozygous vaoA/vaoA plants are char¬ 

acterized by having green or green and orange sectored cotyledons and leaves with white 

or diluted basal and marginal parts. The green alba allele (vaoA = vaoaR) is dominant over 

the orange alba allele (vaoa), and recessive, regarding its alba dilution aspect, to the 

orange variegation (vao), revertant orange variegation (vaoR), and the wild-type (Vao) 

alleles. 

INTRODUCTION 

The orange variegation locus (vao) of Collinsia heterophylla Buist. (Scrophulariaceae), 

first reported by Gorsic and Kerby (1996), appears to be the most mutable of the four 

variegation loci identified to date (Gorsic 1998, 2000). Besides the dominant wild-type 

green allele (Vao) five recessive forms are known: (1) vao, producing pure orange coty¬ 

ledons and leaves; (2) vaoR (reverted vao), producing green sectors in orange cotyledons 

and leaves (Delool and Tilney-Basset, 1986); (3) vao8, producing green cotyledons at 

emergence (turning orange in 2 weeks) and orange leaves; (4) vaogR (reverted vao8), pro¬ 

ducing green cotyledons (turning orange and green in 2 weeks) and green and orange 

sectored leaves and; (5) vaoa (orange alba), producing orange cotyledons and leaves 

having white or diluted basal and marginal parts. 

Among progenies of some self-fertilized and intercrossed orange alba homozygotes 

(vaoa/vaoa) and orange (vao/vaoa) and wild-type heterozygotes (Vao/vaoa) a new mutant - 

green alba, vaoA - appeared having green cotyledons and leaves with typical alba pattern 

of basal and marginal dilution. The relationship of this new vaoA allele to the other 

alleles of the vao locus has been investigated, and the results are reported below. 

MATERIALS AND METHODS 

Cultures of this investigation were grown from seeds obtained from 1996-1998 green¬ 

house plantings of Collinsia. Dry seeds were kept at -5°C for 48 hours before sowing 
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into a 3:1 mixture of commercial potting soil and vermiculite (8 seeds per 9 cm pot). 

Seedlings were fertilized once every 2 weeks with a solution of one teaspoonful of 15-30- 

15 fertilizer per gallon of water. All plants were grown under the same greenhouse con¬ 

ditions; no analysis of temperature and light intensity influence on variegation was 

attempted (Martinez-Zapater 1993). 

Methods of hybridization, used in this investigation, have been recently described (Gorsic 

1994). The fitness of phenotypic segregation ratios has been tested by calculating Chi- 

square, using the Yates' term for sample size below 50. 

ORIGIN OF ALBA MUTANT AND HYBRIDIZATION RESULTS 

Among eight offspring of a self-fertilized orange alba plant (h96207-12, culture Will), 5 

plants were typical orange alba plants (vaoa) having orange cotyledons and leaves with 

white or diluted basal and marginal parts (Fig. 1A), and 3 were green alba plants (vaoA) 

having green cotyledons and leaves with white or diluted basal and marginal parts of the 

blade (Fig. IB). A cross between two orange alba plants (vaoVvaoa x vaoVvao0, culture 

h9778) produced 11 offspring: 10 plants were orange alba (vao°), and one plant was 

green alba (vaoA). Another cross between two orange variegated heterozygotes (vao/vaoa 

x vao/vaoa, culture h97246) produced 14 orange plants (vao) and two alba plants - one 

orange alba (vao°) and the other green alba (vaoA). In all these cases the green alba allele 

(vaoA) apparently originated by mutation of the recessive orange alba allele (vao°). 

Among 35 offspring of a self-fertilized wild-type plant heterozygous for orange alba 

(Vao/vaoa, culture h97119) 24 plants were wild-type (Vao/—), 11 were orange alba 

(vaoVvao0) and one plant was green alba (vaoA). Eight self-fertilized wild-type siblings 

of h97119-14 green alba plant (vaoA) produced a total of 114 offspring: 90 were wild- 

type (Vao/-), 21 were orange alba (vaoVvao0), and 3 were green alba (vaoA). Since the 

total number of the recessive offspring (21 + 3 = 24) is less than 1/4 (28.5) of total prog¬ 

eny, and because the 3 green alba plants came from different individuals, the conclusion 

may be made that, in these cultures too, the vaoA alleles originated by mutation of the 

recessive vaoa alleles rather than the dominant Vao alleles of the respective Vao/vaoa 

hybrids. 

These original (6) alba plants (vaoA) produced flowers and were used in crosses, but only 

one of them (h97119-14) was vigorous enough to produce, upon self-fertilization, viable 

seed. Thirteen plants grown from these seeds had green cotyledons and leaves with alba 

dilution pattern, but 3 of them had nearly white cotyledons and died in the cotyledonous 

stage. The first generation green alba mutants (vaoA) were used in crosses: (1) with the 

wild-type plants (Vao/Vao), producing wild-type offspring; (2) with orange plants 

(vao/vao), producing green sectored orange (non-alba) offspring (vaoR)\ (3) with orange 

alba plants (vaoa/vaoa), producing either green alba (vaoA) only, or orange alba (vao°) and 

green alba (vaoA) in a 1:1 ratio and; (4) with green alba plants (vaoA), producing green 

alba (vaoA) only, or green alba (vaoA) and orange alba (vaoa) offspring in a 3:1 ratio 

(Table 1). 
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These hybridization results established the green alba (vaoA) as a dominant trait over 

orange alba (vaoa), but recessive, regarding its alba dilution pattern, to orange variegation 

mutant (vao) and the wild-type (Vao). 

By close examination of the cotyledons and leaves of the green alba plants, two different 

phenotypes were identified: (1) individuals exhibiting only green and pale-green to white 

diluted areas and; (2) plants with green and orange sectored cotyledons and leaves with 

pale-green to white basal and marginal parts (Fig. IB). 

Crosses between the wild-type (Vao/Vao) and green alba plants (vaoA) produced two 

types of hybrids: (1) hybrids that produced, upon self-fertilization, wild-type and green 

alba, or wild-type and green and orange sectored alba plants in a 3:1 ratio, and; (2) 

hybrids producing, upon self-fertilization, wild-type and orange alba in 3:1 ratios (Table 

1). The former were Vao/vaoA heterozygotes, and the latter were Vao/vaoa heterozygotes. 

These hybridization results proved that the original green alba plants, used in these 

crosses, were indeed vaoA/vaoa heterozygous. 

The heterozygosity (vaoA/vaoa) of the first generation green alba plants was confirmed as 

well by the 3:1 ratio of green alba vs. orange alba (vaoa/vaoa) obtained upon self-fertili¬ 

zation (Table 1). The green alba plants of these progenies were either all green alba 

plants (without any orange sectors), or they were green alba (vaoA/vaoA) and green and 

orange sectored alba plants (vaoA/vaoa) in a 1:2 ratio (Table 1). Because the extent of the 

basal and marginal dilution of cotyledons and leaves of both the orange (vaoa) and the 

green alba (vaoA) plants varied greatly, it was not always possible to distinguish with 

certainty between the vaoA/vaoA and vaoA/vaoa individuals. 

The revertant orange and green sectored orange variegation plants (vaoR/vao, Gorsic 

1998) and the green and orange sectored alba plants (vaoA/vaoa) appear very similar (Fig. 

1C). Progenies of the self-fertilized orange and green sectored orange variegation het¬ 

erozygotes, vaoR/vaoA, segregated into orange and green sectored plants without dilution 

(vaoR/vaoR, vaoR/vaoA) and green alba plants with dilution (vaoA/vaoA) in a 3:1 ratio 

(Table 1). These crosses established the recessive relationship of vaoA to vaoR allele. 

Since both the orange (vaoa) and green alba (vaoA) plants exhibited a parallel pattern of 

dilution in their cotyledons and leaves, it is likely that the diluting process, be it genetic 

or epigenetic, is the same in both mutants. In several progenies of selfed alba plants the 

extremely diluted (nearly white) cotyledon lethal seedlings equaled in number the seed¬ 

lings with barely detectable dilution (together making up half of the total progeny) indi¬ 

cating that both the vaoa and vaoA alleles vary in their capacity to control the deleterious 

dilutions, bringing about a 1:2:1 phenotypic ratio for nearly white, moderately diluted, 

and mildly diluted seedlings. 

The microscopic examination (under 440X magnification) of stomatal guard cells of 

leaves' lower epidermis revealed that the white areas carried no apparent chloroplasts, the 

diluted areas carried a mixture of small and normal sized chloroplasts, and the green 

areas carried 10-14 wild-type chloroplasts. In most alba plants the basal and marginal 

dilution was observed in all young vegetative leaves and bracts of inflorescence. In some 

green alba plants (vaoA/vaoA) the cotyledons were pure green and the leaves exhibited no 
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apparent dilution, appearing wild-type. These fully green "cryptic recessive" alba plants, 

when crossed with orange alba plants (vao°/vaoa), produced green or green and orange 

sectored alba plants (vaoA/vao°). 

To explain the expression of orange in the vaoA/vaoa heterozygotes, one has to assume 

either an incomplete dominance of vaoA, an inactivation of dominant vaoA allele, or the 

back mutation or reversion of the vaoA to vaoa allele. The observation that orange and 

green sectored alba plants are produced by some self-fertilized vaoA/vaoA plants as well, 

compounds the mystery of formation of orange sectors in the green alba plants even fur¬ 

ther. Formation of orange sectors in vaoA/vaoA plants would require the inactivation (or 

back mutation to vaoa) of both vaoA alleles of the cell (an unlikely event), or a reversion 

of both vaoA into vaoa alleles. These "inactivated, back mutated, or revertant" green and 

orange sectored alba plants should have produced, upon self-fertilization, some orange 

alba plants (vaoVvaoa), which, to date, has not been observed. 

There is another possible explanation for the unusual behavior of the green alba mutants. 

Some of the orange variegation (vao) alleles are highly reversible - the same is true for 

the vao8 alleles from which the vaoa alleles originated (Gorsic 1998). Orange and green 

sectored plants (vaoR/vaoR, vaogR/vaogR) with highly reversible vao or vao8 alleles, when 

self-fertilized, produce mainly green plants with no or barely detectable orange patches 

and rarely a pure orange plant (Gorsic 1998, Gorsic and Kerby, 1996). 

The orange alba allele (vaoa) behaves as a stable, non-reversible gene even in the pres¬ 

ence of a dominant activator Ac, which brings about the vao and vao8 gene reversion 

(Gorsic 1998). However, the vaoa allele may be associated with another, non-functional 

reversion factor, which occasionally shifts to the functional form, thus making the vaoa 

reversion to vaoaR possible. The observation that the pattern of green and orange sectors 

in alba plants is retained from lower to higher leaves (plants have decussate leaf arrange¬ 

ment) on the same side of the stem during plant growth suggests that the green and 

orange tissues are produced by mitotic propagation of revertant (vaoaR - green) and non- 

revertant (vaoa - orange) cells of seedlings' apical meristem (Fig. ID). 

If the vaoA alleles are actually revertant orange alba alleles (vaoaR) in which the chloro¬ 

phyll synthesizing capacity has been restored (as in reverted vaoR and vaogR alleles) but 

the control of alba dilution pattern retained, the behavior of the green alba plants can be 

explained without resorting to inactivation, back mutation, or reversion of the dominant 

vaoA allele to the recessive vaoa allele. 

The green alba plants (vaoA/vaoA = vaoaR/vaoaR) with both vaoa alleles highly reversible, 

that reverted to the vaoaR during gamete formation or in the early stage of embryonic 

development, would produce, upon self-fertilization, only green alba plants. Plants car¬ 

rying both a highly reversible vaoa allele and a less reversible vaoa allele that reverts to 

vaoaR at a later stage of embryonic development would produce, upon self-fertilization, 

green alba plants without orange sectors and green and orange sectored alba plants in a 

3:1 ratio. The green and orange sectored alba plants (vaoA/vaoa = vaoaR/vaoa) carrying a 

highly reversible vaoaR allele and an orange alba allele (vaoa) would produce, upon self- 

ing, green alba {yaoaR/vaoaR, vaoaR/vaoa) and orange alba plants (vaoa/vaoa) in a 3:1 ratio. 

The green and orange sectored alba plants (vaoaR/vaoa) carrying a less reversible vaoaR 
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allele would produce, upon self-fertilization, green alba (possibly with barely detectable 

orange streaks, vaoaR/vaoaR), green and orange sectored alba (vaoaR/vao°), and orange alba 

plants (vaoa/vaoa) in a 1:2:1 ratio (Table 1). 

In one aspect the revertant vaoR (or vaogR) and vaoaR alleles behave differently: the vaoR 

and the vaogR are dominant over vao allele (producing green sectors in orange leaves of 

vaoR/vao and vaogR/vao heterozygotes), whereas, the vaoaR allele behaves as a recessive to 

vao regarding alba dilution pattern but dominant regarding chlorophyll production, 

resulting in green sectored non-alba orange hybrids (vao(,R/vao). When these hybrids are 

crossed with orange alba plants (vaoa/vaoa) they produce the green alba or green and 

orange sectored alba (vaoaR/vaoa) and orange non-alba plants (vao/vaoa). It appears that 

the identifying feature of the vaoaR allele is not its dominant capacity to produce chloro¬ 

phyll (green sectors), but the production of alba dilution pattern, which, as the crosses 

attested, is recessive to the non-alba orange allele (vao). The recessive vao gene over¬ 

rides the action of the recessive alba dilution pattern but not the dominant chlorophyll 

producing aspect of the vaoaR allele in the vaoaR/vao hybrids. This selective action of vao 

upon vaoaR gene in the vaoaR/vao hybrids points to the intricate relationship between the 

alleles of the orange variegation locus (vao). 

SUMMARY 

The newly identified green alba allele (vaoA) behaves as dominant to orange alba allele 

(vaoa) but as recessive, regarding alba dilution pattern, to orange variegation (vao), 

revertant orange (vaoR), and the wild-type (Vao) alleles. 

The progenies of some selfed vaoA/vaoA plants segregated in 3:1 ratios for green alba and 

green and orange sectored alba plants, suggesting that some vaoA alleles may back 

mutate, or be inactivated, or reverted to vaoa, thus permitting the expression of orange 

sectors. The progenies of selfed vaoA/vaoa green alba plants segregated either into green 

alba (vaoA/—) and orange alba (vaoa) plants in 3:1 ratios, or into green alba (vaoA/vaoA), 

green and orange sectored alba (vaoA/vaoa) and orange alba (vao°/vaoa) in a 1:2:1 ratio, 

giving an impression that some vaoA alleles are incompletely dominant over orange alba 

allele (vaoa). Some Vao/vaoA heterozygotes, when selfed, produced wild-type (Vao/—) 

and green alba plants (vaoA), others wild-type and green and orange sectored alba plants 

in a 3:1 ratio. The stomatal guard cells of white areas of leaves of green alba plants carry 

no chloroplasts, diluted areas carry a variable number of different sized chloroplasts, and 

the green areas carry 10-14 wild-type chloroplasts. 

Production of orange sectors in green alba plants can be made possible by inactivation, 

back mutation, or reversion of the vaoA allele to vaoa allele. More in line with the 

behavior of vao alleles would be to assume that the green alba alleles (vaoA) are actually 

revertant vaoaR alleles: highly reversible vao(lR alleles, reverting during gamete formation 

or in an early stage of embryogenesis, would produce green alba plants, and less reversi¬ 

ble vaoaR alleles, reverting in later stages of embryogenesis, would produce alba plants 

with variable mixtures of green and orange sectors in their cotyledons and leaves. 
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Figure 1. Alba mutants of Collinsia heterophylla. A. Orange alba (vaoa). B. Green alba 

(vaoA=vaoaR), left; Green and orange sectored alba (vaoA/vaoA or vaoA/vaoa), 

right. C. Leaves of the second and third pair: Green and orange sectored alba 

(vaoA/vaoA or vaoA/vaoa), top; Revertant orange variegation mutant (vaoR/vao, 

vaoA/vao or vaoA/vaog), bottom. D. The second, third, and fourth leaf pairs of 

the green and orange sectored alba (vaoA/vaoA): Leaves of one side of stem 

exhibiting greater amount of orange (top row) than leaves of the opposite side 

of stem exhibiting lesser amount of orange (bottom row). 
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ABSTRACT 

Butterfield Creek watershed in Matteson, Illinois includes a wetland whose seed banks 

are of particular interest because of the presence of Old Plank Road Trail (OPRT). The 

trail runs from east to west bisecting the surrounding area into north and south wetland 

habitats. The resulting fragmentation of this landscape provides an interesting 

opportunity to investigate the effect of landscape fragmentation on seed bank ecology. 

The objective of this research was to determine any differential in seed bank composition 

related to landscape fragmentation resulting from OPRT. We removed a total of 60 core 

samples (30 from each side of the study area) representing three sequential depths, 0- 

15cm, 15-30cm, and 30-45cm respectively. Core samples were transported to the labo¬ 

ratory for comparative determinations of seed bank germination. Results indicate that 

there is a discontinuity in the composition of the north and south seed banks as a function 

of soil depth. Landscape fragmentation brought about by the construction of the railroad 

(ca.1855, Molony and Ogorek, 1998) and back-flooding of the south side of Butterfield 

Creek caused a cessation of seed bank formation on the south side, which appears to be a 

remnant of pre-railroad vegetation seed deposition. Landscape fragmentation related to 

wetlands can result in the formation of seed bank remnants, which may provide valuable 

information about the dynamics of seed bank ecology in general as well as local vegeta¬ 

tive history in particular. 

INTRODUCTION 

Butterfield Creek watershed in Matteson, Illinois includes a wetland whose seed banks 

are of particular interest because of the presence of Old Plank Road Trail (OPRT). The 

trail runs from east to west bisecting the surrounding area into north and south wetland 

habitats. The resulting fragmentation of this landscape provides an interesting opportu¬ 

nity to investigate the effect of landscape fragmentation on seed bank ecology. 

A seed bank is a reservoir of viable seeds capable of replacing adult plants that may be 

annuals or perennials, susceptible to death by disease, disturbance, or consumption by 

animals, including humans (Baker, 1989). Seeds incorporated into seed banks have been 

recorded to have viabilities ranging from a single season to well over a thousand years 
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(Roberts, 1972 and Gunther et al., 1984). Generalizations to be drawn from the literature 

on seed banks suggest that extended seed viability is characteristic of disturbed habitats 

and also of aquatic plants where conditions may inhibit seed decay (Harper 1977). The 

ecological significance of seeds incorporated in a seed bank is related directly to their 

viability (Harrington, 1972 and Gunther et al., 1984). Recovery of these viable seeds can 

be beneficial in determining community composition and may indicate the relative 

sequence of seed deposition. Differences between seed banks in terms of species compo¬ 

sition can reflect ecological changes during seed bank formation. We suspect that land¬ 

scape fragmentation caused this kind of change to occur in the two wetland areas adjacent 

to Butterfield Creek, and that it is reflected in their respective seed banks. 

The Butterfield Creek watershed has received considerable attention in recent years due 

in large part to the activities of the Butterfield Creek Steering Committee and the forma¬ 

tion of The Old Plank Road Trail (OPRT) recreational path. Partial funding for the pur¬ 

chase of the OPRT wetland was secured through an Illinois Department of Natural 

Resources 2500 grant channeled through the Thorn Creek Ecosystem Partnership, a 

watershed-based consortium of which the Butterfield Creek Steering Committee is a 

member. The OPRT recreational path is built on an old railroad embankment, which 

fragmented the area into two ecologically distinct north and south habitats. 

This research focused on the potential effects of this landscape fragmentation on seed 

bank development in the area. The specific objective of the research was to determine 

any differential in seed bank composition related to landscape fragmentation resulting 

from OPRT. The null hypothesis is that landscape fragmentation does not cause differ¬ 

ences in adjacent seed banks. 

DESCRIPTION OF STUDY AREA 

The seed banks included in our study are part of a wetland located along The Old Plank 

Road Trail (OPRT) in Matteson, Illinois (Figure 1). Specifically, the wetland is located 

283 meters west of Central Avenue in Rich Township and is bisected by OPRT. The 

Trail was an abandoned railroad prior to recent conversion into a paved recreational 

walkway and nature preserve, which runs west from Chicago Heights and, at its comple¬ 

tion, will end at the city of Joliet. It is the result of collaborative efforts from many town¬ 

ships and organizations to restore, preserve and utilize this tract of land stretching more 

than 12km. The Trail itself is approximately 2.5m wide and elevated 3-4m above the 

wetland surface. The introduction of the railroad resulted in a fragmentation of the land¬ 

scape, which is maintained by the presence of OPRT (Kalisz et al., 1997). The soil sur¬ 

face on the south side slopes away from the Trail so that, the water depth (July 1997) is 

approximately 0.75m near the railroad embankment, and increases to about 1.2m at the 

southern edge of the study area (Figure 2). The water depth on the north side, however, 

is relatively even at approximately 0.75m from the railroad embankment to the northern 

edge of the study area. 

A dense and extensive stand of Typha latifolia occurs on the north side of this elevated 

trail but is virtually non-existent on the south side. Seeds from the north population may 

be deposited in the seed bank on the south but are prevented from germination by current 

conditions. Also, fragmentation of the wetland may have changed the surface vegetation 
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resulting in two different seed banks. Development of the seed bank on the north side 

may have been influenced by the presence of more recent seed deposits of T. latifolia. 

On the other hand, the seed bank on the south side may contain remnant plant communi¬ 

ties extant prior to the introduction of the railroad. In order to investigate these alterna¬ 

tives, we conducted a comparative study of the north and south seed banks of the wet¬ 

land. 

MATERIALS AND METHODS 

Each core was separated into three vertical segments referred to as core samples (0-15cm, 

15-30cm and 30-45cm). These segments were selected based on previous studies 

(Kalisz, et al., 1997 and Gunther, et al., 1984), which showed an exponential decrease in 

viability of seeds with respect to depth. This decrease would mean that seed banks are by 

no means vertically homogeneous and actually should be treated as different populations 

as a function of depth. 

Core Sample Collection 

Core samples were collected using a posthole digger (14cm diameter) during July 1997. 

Ten coring sites were selected from each side (north and south) of the wetland. Desig¬ 

nated coordinates for the coring locations were determined using a table of random num¬ 

bers. The resulting coordinates identified coring locations within a 9m2 grid constructed 

of electrical conduit and string. Thus the total of twenty coring sites (ten from each side) 

yielded a total of 60 core samples for seed bank analysis. The volume of each sample 

was approximately 2300cm3. Each core sample was placed directly into a clear plastic 

bag. Air was removed from each bag prior to labeling and sealing. In order to prevent 

additional light exposure, samples were further sealed in opaque white plastic bags from 

which residual air was removed. This process helped to ensure preservation of seed dor¬ 

mancy until exposure under laboratory conditions. The sealed samples were stored in 

darkness at 20 C° for 5 days and then transported to the laboratory experimental area. 

Experimental Design 

The experimental area consisted of a light canopy (1.6m x 2.3m) suspended 0.92m over a 

table of equal dimensions. Light intensity readings underneath the canopy ranged from 

7800- 88001ux. Due to the pattern of light intensity variation, a randomized complete 

block design was used. Of the 60 core samples collected, 54 (27 from each side) were 

randomly selected for experimentation. Six core samples, 3 from each side, were 

retained in storage conditions for contingency purposes. The remaining core samples 

were placed into transparent plastic containers (17x28cm) and randomly assigned into 

three blocks in the experimental area (18 core-samples per block). Each container was 

covered with clear cellophane having openings at each end to prevent contamination from 

air borne spores while allowing for gas exchange. To maximize treatment exposure to 

light and air, core samples were repeatedly scored along their length and width (Gunther, 

et al., 1984). Treatment consisted of exposure to light and air for 70 days from July 21 to 

September 28, 1997. 

Relative humidity and ambient temperature were monitored within the experimental area 

using recording hygrothermographs (NovaLynx Corporation, model#225-5020A) cali¬ 

brated to mercury max/min thermometers (Taylor and forced-air psychrometers, 
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model#H331, Weather Measure Corporation). The temperature regime under the canopy 

was maintained at 30- 32C° as a minimum and 32- 36C° as a maximum. Daily maximum 

and minimum humidity ranged from 98-67% and 86-50%, respectively. Average diurnal 

maximum and minimum humidity was 82% and 63%, respectively. 

Numbers and identities of germinating seeds within each sample were recorded daily. 

These data provided a basis for characterizing any differences in the seed banks between 

the north and south sides of the trail. T. latifolia was the only plant enumerated by spe¬ 

cies while the identification of other species was noted as they matured. All samples 

were watered to maintain 3cm at the bottom of each tray. 

RESULTS 

Seed Bank Profiles 

ANOVA and multiple range tests (P = 0.05) applied to the seed bank profile on the south 

side showed that 0-15cm sample cores were significantly different from 15-30cm and 30- 

45cm, but sample cores from 15-30cm and 30-45cm were not significantly different from 

each other. The seed bank profile on the north side showed the same pattern of differ¬ 

ences and similarities based on total emergence. 

Seed Bank Comparisons 

Figure 3 shows both seed banks have the typical profile as described earlier. Regarding 

0-15cm core sample the seed bank on the south side had almost half the total number of 

germinating seeds compared to the seed bank on the north side. The seed banks are 

quantitatively similar in 15-30cm and 30-46cm depths. Therefore, major differences in 

terms of total germinating seeds between north and south seed banks occurred in the 0- 

15cm depth. 

T. latifolia seed bank profile shows most germinating seeds were located in the 0-15cm 

samples (Figure 4). However, there are more than eight times as many germinated T. 

latifolia seeds in the north versus south side in 0-15cm core samples. T. latifolia is not 

represented in 15-30cm and 30-45cm samples from the south side. The seed bank on the 

north side shows a significant decrease in T. latifolia from 0-15cm to 16-30cm (80%) and 

from the 15-30cm to 30-45cm level (50%) in germination. 

DISCUSSION 

Our view is that the absence of T. latifolia at lower levels on the south side is related to 

fundamental differences in the seed bank forming processes between the north and south 

sides. It is our contention that the discontinuity in the seed bank profiles (as measured by 

total germination) between the two sides is related to a differential in the relative age of 

the two seed banks as a function of depth. 

The total number of germinating seeds as a function of depth was less in all core samples 

taken from the south side as compared to the corresponding core samples on the north 

side (Figure 3). Seeds of T. latifolia germinated in core samples at all depths on the north 

side (Figure 4), even at the lowest levels (15-30cm, 30-45cm). However, T. latifolia 

germinated only in the 0-15cm core samples recovered from the south side. These obser- 
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vations suggest that the seed bank on the south side is older than the seed bank on the 

north side. 

A likely scenario is that this discontinuity in age between the seed banks of the north and 

south sides was a direct result of the original railroad development. The railroad 

embankment restricted the normal northward flow of Butterfield Creek resulting in back 

flooding and inundation south of the railroad embankment (Figures 1 and 2). This area 

was previously a flood plane colonized by species typically associated with upland dry 

habitats and lower emergent vegetation. The species composition found in all depths of 

the south core samples (Table 1) support this interpretation. The south side seed bank, 

therefore, represents a vestige of the pervious upland and emergent vegetation, which was 

extinguished by inundation due to the back flooding of Butterfield Creek. Since then, the 

area has been colonized by sparse vegetation, and as a result the contribution of seeds to 

the seed bank has nearly ceased. Given that Butterfield Creek flows north through this 

area, the restriction in water flow caused by the introduction of the railroad in turn 

allowed emergent conditions to prevail or perhaps even expand in the landscape on the 

north side of the embankment. This difference in landscape conditions, that is inundation 

on the south and emergence on the north hindered seed bank formation in the former 

while accelerating it in the latter. The acceleration of seed bank formation is due largely 

to the extensive colonization of the north landscape by T. latifolia. This is supported by 

the observation that 68% of the germinated seeds from north side 0-15cm core samples 

were produced by seeds of T. latifolia while only 14% of T. latifolia seeds germinated 

from 0-15cm core samples from the south side (Figures 3 and 4). Seed germination of T. 

latifolia has been demonstrated to be greatly favored by emergent conditions while being 

retarded under conditions of inundation (McNaughton, 1968; Linde, et al. 1976). 

These facts are consistent with the scenario outlined above. Namely, that landscape 

fragmentation resulting from the introduction of the railroad caused a discontinuity in the 

seed banks on the north and south sides of the Old Plank Road Trail (OPRT). And, the 

discontinuity is one of age in that the south side seed bank is older than the north side 

bank, and it is a vestige of the pre-railroad vegetation community. 

Landscape fragmentation related to wetlands can result in the formation of seed bank 

remnants, which may provide valuable information about the dynamics of seed bank 

ecology in general as well as local vegetative history in particular. 

ACKNOWLEDGEMENTS 

We would like to thank the Governors State University Division of Science for its finan¬ 

cial support and use of laboratory space and equipment. We would also like to thank the 

town of Matteson for granting us access to the study site and to the Matteson Historical 

Society for background information on the development of The Old Plank Road Trail. 

Addional background information was provided by Will County Forest Preserve District 

(ELC) and the Newberry Library Geneology Department. Appreciation is expressed to 

Dr. William Zales (Joliet Junior College) for verification of plant species identification 

and to Christopher Burke Engineering for access to hydrology and soil maps. 



266 

LITERATURE CITED 

Baker, H.G. 1989 The Ecology of Soil Seed Banks, Pages 9-21 Some Aspects of Natural History of 
Seed Banks. Academic Press, San Diego, CA, 

Gunther, P.P., D.J. Casagrande, and R.R. Chemey. 1984. The viability and fate of seeds as a func¬ 
tion of depth in the peats of the Okefenokee Swamp. In “The Okefenokee Swamp: Its Natural 
History, Geology, and Geochemistry” A.D. Cohen, D.J. Cassagrande, M.J. Andrejko, and G.R. 
Best, eds.) pp. 168-179. Wetland Surveys, Los Alamos, New Mexico, 

Harper, J.L. 1977. Population Biology of Plants. Academic Press, NY, pp. 83-110 
Harrington, J.F. 1972. Seed Storage and Longevity. In “Seed Biology” (T.T. Kozlowski, ed.) Vol. 

3, pp. 145-245. Academic Press New York, 
Kalisz, S., Horth, L., McPeek, M., 1997. Fragmentation and the Role of Seed Banks in Promoting 

Persistance in Isolated Populations of Collinisia verna. Conservation in Highly Fragmented 
Landscapes. Chapman and Hall, NY, pp. 286-307. 

Linde, A. F., Janisch, T., Smith, D. 1976. Cattail: The significance of its growth, phenology and 
carbohydrate storage t its control and management. Wisconsin Department of Natural Resources, 
Technical Bulletin No. 94, (1-25). 

McNaughton, 1968. Typha Latifolia, germination and seedling growth, and auto-toxic feedback, 
Ecology 49:367, 

Molony, B. and C. Ogorek, editors. 1998. Matteson’s Railroad History. Blackhawk Chapter, 
National /railway Historical Society and Matteston Historical Society 

Roberts, E. H.. 1972. Viability of Seeds. Syracuse University Press, pp 5-6. 



267 

Figure 1. Redrawn from the hydrologic atlas, Tinley Park quadrangle (1965), and Frank¬ 

fort quadrangle (1967). 
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Figure 2. Pictoral display of the seed banks north and south of Old Plank Road Trail. 
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Figure 3. Comparisons of all seeds germinated from the north and south sides of Old 

Plank Road Trail at depth 0-15cm, 15-30cm, and 30-45cm. 
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Figure 4. Comparisons of T. latifolia seeds germinated from the north and south sides of 
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Table 1. Species composition of germinated seeds for North and South (0-15cm, 15- 

30cm, and 30-45cm). Note: The total # of seeds does not include spores of 

mosses and liverwort which were also abundant. 

North Wetland 

0-15cm Core Samples 
Algae (Chlorophyta) 
Brassica juncea 

Carex spp. 

Fragaria virginiana Dutch. 
Hypericum canadense L. 

Leersia oryzoides 

Leptobryum pyriforme (Hedw.) Wils. (moss) 
Ludwigia paulustris americana (L.) Ell. 

Mimulus ringens 

Mnium cuspidatum (moss) 
Penstemon digitalis Nutt. 

Ricciocarpos natans (L.) Corda. (liverwort) 
Unknown Grass 
Unknown Species 
Typha latifolia 

15-30cm Core Samples 
Allium canadense L. 

Brassica juncea 
Carex spp. 

Cyperus spp. 

Leersia oryzoides 
Leptobryum pyriforme (Hedw.) Wils. (moss) 
Mnium cuspidatum Hedw. (moss) 
Ricciocarpos natans (L.) Corda. (liverwort) 
Rorippa sessiliflora (Nutt.) 

Typha latifolia 

Unknown Grass 

30-45cm Core Samples 
Brassica juncea 

Carex spp. 

Fragaria virginiana Dutch. 

Hypericum canadense L. 

Leptobryum pyriforme (Hedw.) Wils. (moss) 
Ludwigia polycarpa Short & Peter 

Lycopus americanus Mulh. 

Mnium cuspidatum Hedw. (moss) 
Ricciocarpos natans (L.) Corda. (liverwort) 
Typha latifolia 

Unknown Grass 

South Wetland 

0-15cm Core Samples 
Brassica juncea 
Carex spp. 

Fragaria virginiana Dutch. 

Leersia oryzoides 
Leptobryum pyriforme (Hedw.) Wils. (moss) 
Ludwigia paulustris americana (L.) Eli 

Ludwigia polycarpa Short & Peter 
Lycopus americanus Mulh. 

Mnium cuspidatum (moss) 

Penstemon digitalis Nutt. 
Ricciocarpos natans (L.) Corda. (liverwort) 
Unknown Species 
Typha latifolia 

15-30cm Core Samples 
Brassica juncea 

Fragaria virginiana Dutch. 

Hypericum canadense L. 

Leersia oryzoides 

Leptobryum pyriforme (Hedw.) Wils. (moss) 
Ludwigia paulustris americana (L.) Ell. 

Lycopus americanus Mulh. 

Mimulus ringens 
Mnium cuspidatum (moss) 
Penstemon digitalis Nutt. 

Ricciocarpos natans (L.) Corda. (liverwort) 
Rorippa sessiliflora (Nutt.) Hitchc. 

Unknown Grass 

30-45cm Core Samples 
Carex spp. 

Fragaria virginiana Dutch. 
Leersia oryzoides 

Leptobryum pyriforme (Hedw.) Wils. (moss) 
Ludwigia paulustris americana (L.) Ell. 
Ludwigia polycarpa Short & Peter 
Mnium cuspidatum (moss) 
Ricciocarpos natans (L.) Corda. (liverwort) 
Unknown Grass 
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ABSTRACT 

Baptisia leucophaea Nutt, is a clustering species native to tallgrass prairie of the Mid¬ 

west. The legume is most conspicuous during spring when sprawling plants produce 

cream-colored flowers. Selective advantages and disadvantages to larger inflorescence 

size per cluster and individual B. leucophaea were investigated over a 3-year study in a 

1.5 ha tall grass plot that was reconstructed in 1984 in northeastern Illinois. B. leuco¬ 

phaea within the tallgrass plot were infested by the weevil, Apion rostrum, which devel¬ 

ops inside the pods, consuming seeds as a single source of nutrition. Fourteen clusters of 

B. leucophaea were selected for study in 1997. In 1998 and 1999, 11 clusters were added 

to the original 14. Sampling protocol was the same for all three years. Flower count 

provided a measure of inflorescence size. Larger flower count per cluster and per plant 

failed to indicate advantages in the number of inflated pods and matured seeds on a per 

flower basis. However, the numbers of inflated pods and matured seeds per plant were 

higher during two of three study years among clusters and plants which produced more 

flowers. Higher reproductive output among clusters and plants having larger inflores¬ 

cences is notable when considering the few pollinators observed when B. leucophaea 

blooms. Larger inflorescence size did not appear to have great cost to flowers pollinated, 

but instead possible rewards in seeds matured. A. rostrum counts/plant were highest 

among clusters and plants having more flowers except during 1999 when the weevil was 

less abundant. Predatory pressure by A. rostrum may act as a constraint to inflorescence 

size in B. leucophaea. 

Key words: Baptisia leucophaea, inflorescence size, Apion rostrum, seed number, pre¬ 

dispersal seed predation, tallgrass prairie. 

INTRODUCTION 

Baptisia leucophaea Nutt. ( Fabaceae)(cream wild indigo) is a prolific flowering native 

of mesic prairie throughout the Midwest (Ladd, 1995; Swink and Wilhelm, 1994). The 
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legume is most conspicuous during spring when the sprawling racemes radiate outward 

from clusters which commonly exceed two dozen plants. The 1 m tall plants typically 

have single racemes of over 15 cm long lined with pale yellow flowers. Bumblebees 

(.Bombus spp.), the major pollinators of B. leucophaea (Petersen, 1996) tend to forage 

from the distal staminate flowers of the indeterminate racemes to the basal pistillate 

flowers (Haddock and Chaplin, 1982). This foraging behavior enables a degree of self 

pollination, an advantage when spring pollination activity is unreliable in the Midwest 

(Haddock and Chaplin, 1982). Despite prolific flowering and the success of pollination 

as indicated by inflated pods, many pods may fail to ripen. Pre-dispersal seed predation 

by insects and subsequent pod abortion can explain a portion of the loss, but even plants 

having little or no seed predator infestation lose pods (Petersen et al, 1998). With respect 

to these losses in reproductive yield, we questioned why this clustering species produces 

so many flowers. 

In this study, selective advantages and disadvantages to larger inflorescence size per 

cluster and individual B. leucophaea were investigated over a 3-year study in a recon¬ 

structed tallgrass plot located in northeastern Illinois. Populations of flowering plants 

often cluster with high variation in the number of individuals per cluster (Watt, 1947). 

Larger inflorescence size is associated with higher pollination activity in clusters as well 

as in individuals (Jennersten, 1988; Jennersten and Nilsson, 1993; Menges, 1988). How¬ 

ever, larger sizes may also promote herbivory and seed predation (Ehrlen, 1997; Hains- 

worth et al, 1984; Jennersten and Nilsson, 1993; Molau et al, 1989). 

In the reconstructed tallgrass prairie under study, the only observed seed predator of B. 

leucophaea was the weevil, Apion rostrum Say (Curculionidae). It is unknown what 

attracts the weevil to B. leucophaea, although overwintering adults appear as the newly 

emergent shoots of B. leucophaea begin to bloom (Petersen et al, 1998). Weevils insert 

eggs into pods as they inflate during June and early July. The larval progeny consume 

the seeds of the pods as their single source of nutrition. Pupation occurs during July with 

maturation completed by early August. Adults disperse as the above-ground tissues of 

the B. leucophaea senesce and as pods dehisce during late summer. 

METHODS 

The study site was a 1.5-ha tallgrass prairie which was reconstructed in 1984 on the cam¬ 

pus of College of DuPage, DuPage County, IL. The plot has been burned annually dur¬ 

ing spring and is dominated by Andropogon gerardii Vitman (big bluestem), Sorghas- 

trum nutans (L.) Nash (Indian grass), and Sporobolus heterolepis Gray (prairie dropseed). 

Forbs in the plot which overlap in flowering time with B. leucophaea include Baptisia 

leucantha T.&G. (white wild indigo), Dodecatheon meadia L. (shooting star), and Zizia 

aurea (L.) Koch (golden Alexanders). A comprehensive listing of plants found within 

the plot is provided by Kirt (1989). 

Sampling protocol was the same for the three year study which began in 1997, with the 

exception being the number of clusters examined. Beginning in 1997, fourteen clusters 

of B. leucophaea which were farther than 1 m from the edge of the plot were randomly 

selected for study. Eleven more clusters were randomly selected for study the following 

two years. A cluster was defined as a discrete unit of B. leucophaea where plants were 
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no further than 10 cm apart from one another. Clusters were separated by a minimum 

distance of 1 m. The flower count per plant was recorded during June of each year to 

serve as the measure of inflorescence size. Inflated pods were counted on each plant 

during early July and used as a measure of successful pollination (Haddock and Chaplin, 

1982). Counts of ripened pods per plant were recorded during August. 

Five sealed pods were then collected from racemes and sampled for counts of matured 

seeds and weevils. These pods included the most proximal, distal, and three spaced 

evenly between. If a raceme had less than 5 pods, all were sampled. The number of 

matured seeds/plant was computed as the product of the mean number of seeds/ripened 

pod and the ripened pod count of the plant. Weevil count/plant was computed as the 

product of the mean number of weevils/pod and inflated pods/plant. This count was pos¬ 

sibly an underestimate in the event of weevil mortality. Inflated pod count was used as a 

variable in order to account for weevils present in pods that were lost or aborted from 

plants prior to the enumeration of weevils. Mean numbers of flowers, inflated pods, rip¬ 

ened pods, and matured seeds per plant within clusters provided grand mean counts/plant 

for the respective variables. Matured seeds and weevil counts per cluster were estimated 

as the sums of matured seeds/plant and weevils/plant within the cluster. 

The Kruskal-Wallis test was used to compare median rank measurements of plant repro¬ 

ductive yield and weevil counts among the study years. Spearman rank correlation was 

used to test for relationships between inflorescence size and other parameters of repro¬ 

ductive yield, and inflorescence size to weevil count. 

RESULTS 

Plant density per cluster, mean flower production and inflated pods per plant did not dif¬ 

fer significantly over the three years (Table 1). However, mean ripened pods, matured 

seeds, and weevil counts per plant did vary significantly. Mean ripened pods and 

matured seeds per plant were low in 1998 when weevil densities per plant were high. 

Clusters with higher flower counts tended to contain more individual plants and also 

plants with greater mean numbers of flowers and inflated pods (Table 2). The relation¬ 

ship of flowers/cluster to ripened pods/plant was less conclusive. However, flower 

count/cluster was significantly correlated to the mean number of matured seeds/plant 

during the years 1997 and 1999 when plant densities of weevils were relatively low. 

Advantages of large inflorescence size were not exponential as flower count/cluster did 

not show positive correlations to mean plant ratios of inflated pods/flower and matured 

seeds/flower. Flower count/cluster and weevils/plant were positively correlated although 

failing in significance during 1999 when weevil infestation was lowest. 

Mean flower counts/plant were positively correlated to mean plant numbers of inflated 

pods, ripened pods, and except during 1997, to matured seeds during each year of the 

study, indicating the advantage of a larger inflorescence at the level of the individual 

plant (Table 2). As with clusters, the advantages of larger inflorescence size/plant were 

not evident in mean plant ratios of inflated pods/flower and matured seeds/flower. Wee¬ 

vil counts were positively correlated to plants having more flowers, although again fail¬ 

ing in significance during 1999 when weevil infestation was lowest. 
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DISCUSSION 

Higher reproductive yield among plants having more flowers, or which belong to clusters 

having more flowers, is expected if a larger inflorescence confers an advantage. Larger 

flower count per cluster and per plant failed to indicate an advantage in inflated pods and 

seed production on a per flower basis. However, the numbers of inflated pods and 

matured seeds per plant were higher during two of three study years among clusters and 

plants which produced more flowers. This reproductive output among clusters and plants 

having larger inflorescences is notable in respect to when the entomophilous species 

blooms. Over a dozen forbs in the restored prairie under study, as well as one-third of the 

prairie species of Illinois, bloom during spring when pollinators tend to be few and lim¬ 

ited to bumblebees (Howe, 1994; Pearson, 1933; Petersen, 1996). Larger inflorescence 

size did not have a great cost in flowers pollinated per plant, but instead, possible rewards 

in seeds matured despite added predatory pressure from A. rostrum. 

Predatory pressure by A. rostrum may act as a constraint to inflorescence size. Weevil 

counts/plant were highest among clusters and plants having more flowers except in 1999 

when the mean weevil count was lowest. Future studies may investigate how foraging 

and oviposition behaviors of pollinators and the weevil vary in the choice of clusters to 

that of individual plants within clusters. In addition, future studies could examine the 

genetic relatedness shown by plants within and between clusters. A degree of self polli¬ 

nation, the likelihood of pollen coming from members of the same cluster versus from 

different clusters and the dispersal of seeds by gravity would seemingly support a high 

degree of genetic relatedness of plants within clusters. If so, the results of our study has 

greater relevance where inflorescence size is linked to the success of a genetic type of B. 

leucophaea at the level of the cluster. 
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Table 1. Mean ± standard deviation counts of Baptisia leucophaea per cluster, and also 

per plant counts of flowers, initiated pods, ripened pods, seeds matured, and 

weevils (Apion rostrum). Measurements are ordered according to year. Sample 

size = 14 for 1997 and 25 for 1998 and 1999. Kruskal-Wallis values (H) and 

associated probabilities from parameter comparisons among study years are 

given. 

Parameter 1997 1998 1999 H P 

Baptisia leucophaea!cluster 12.4±9.2 6.8±4.5 9.0±7.9 4.39 0.11 

Flower count/plant 17.4±10.0 17.4±13.6 24.8±17.8 3.66 0.16 

Inflated pods/plant 11.4±6.4 16.6±13.4 17.2±15.3 1.33 0.51 

Ripened pods/plant 10.5±5.7 3.4±3.7 16.4±14.2 24.58 <0.01 

Matured seeds/plant 25.7±31.5 1.4±3.4 83.3±91.8 29.62 <0.01 

Weevils/plant 4.5±5.0 11.2±17. 3.6±9.1 6.56 0.04 
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Table 2. Results of correlation testing between flower counts and other components of 

Baptisia leucophaea reproductive yield as well as counts of weevils (Apion ros¬ 

trum). Spearman rank correlation coefficients ( R) and probabilities (P) are pre¬ 

sented according to comparison and year of sampling. Seed counts are based on 

seeds matured. 

Variable 1 Variable 2 .Year. 

1997 1998 1999 

R PR P R P 

Flower count/cluster Plant count/cluster 

Flower count/plant 

Inflated pods/plant 

Ripened pods/plant 

Matured seeds/plant 

Weevils/plant 

Inflated pods/flower 

Matured seeds/flower 

Flower count/plant Plants/cluster 

Inflated pods/plant 

Ripened pods/plant 

Matured seeds/plant 

Weevils/plant 

Inflated pods/flower 

Matured seeds/flower 

0.83 <0.01 0.37 0.07 0.45 0.02 

0.72 <0.01 0.72 <0.01 0.63 <0.01 

0.69 <0.01 0.69 <0.01 0.45 0.02 

0.66 <0.01 0.27 0.18 0.36 0.08 

0.54 <0.05 0.31 0.13 0.43 0.03 

0.64 0.01 0.42 0.04 0.37 0.07 

0.13 0.66 -0.23 0.29 -0.43 0.03 

0.30 0.29 0.26 0.22 -0.08 0.69 

0.35 0.22 -0.28 0.17 -0.29 0.17 

0.98 <0.01 0.99 <0.01 0.80 <0.01 

0.98 <0.01 0.54 <0.01 0.77 <0.01 

0.40 0.16 0.40 <0.05 0.69 <0.01 

0.60 0.02 0.60 <0.01 0.15 0.48 

0.19 0.51 -0.14 0.52 -0.18 0.38 

0.17 0.56 0.27 0.20 -0.04 0.85 
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INTRODUCTION 

In the rural Midwest, the cricket frog (Acris crepitans) has undergone a dramatic decline 

(Lannoo, 1998) including in Illinois (Greenwell et al., 1996) where it was once the most 

abundant amphibian species present (Smith, 1961). It is on the endangered species list in 

Minnesota, Wisconsin and Ontario, Canada, threatened in New York, and a species of 

special concern in Indiana, Michigan and West Virginia (Ramus, 1998; Weller and 

Green, 1997; Brodman and Kilmurry, 1998). The species may be extinct in Minnesota 

and Ontario, Canada (Oldham, 1992; Greenwell et al., 1996). 

Concurrent with population declines of many other amphibian species, reports of mal¬ 

formed individuals have been increasing (Kaiser, 1997; Reaser and Johnson, 1997). 

However, long-term population studies are essential to distinguish between natural 

population fluctuations and declines associated with anthropogenic causes (Pechmann et 

al., 1991) and there is no evidence that amphibian declines and malformations are linked. 

Reported amphibian malformations include external deformities, mostly missing 

hindlimbs, but also missing forelimbs, extra arms and legs, missing eyes and mandibles, 

as well as internal abnormalities involving the bladder, digestive system and testes 

(Greenwell et al., 1996). 

SAMPLING METHODS 

From 1968 through 1971, I studied the cricket frog, Acris crepitans, in Illinois; study 

areas and sampling and marking methods were described previously (Gray, 1971, 1983, 

1984). Briefly, the areas (Fig. 1) included the Mackinaw River, Dawson Lake Pond and 

English Farm Ponds (A, B, and C) in McLean County, Six Mile Creek in Woodford 

County, and the La Rue' Pine Hills Swamp in Union County. Study areas were visited at 

least monthly. Three study areas (English Farm Ponds) were visited twice monthly. The 

Dawson Lake Pond was also visited twice monthly during the fall of 1970. Additionally, 

cricket frogs from 28 other populations in Illinois were sampled during the spring and fall 

of 1970. 
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Because I wanted to identify individuals, I kept detailed records on the condition of each 

frog sampled. Cricket frogs were captured by hand or with a small net. Specimen num¬ 

ber (see below), vertebral stripe color, snout-vent length measured to the nearest mm, and 

sex were recorded. Cricket frogs at the Mackinaw River, Six Mile Creek, Dawson Lake, 

Pine Hills and English Ponds A and C (fall 1968 to summer 1969) were marked by 

removing the same digit from all cricket frogs captured on a given date. Cricket frogs at 

Pond B and Ponds A and C (fall 1969 to summer 1971) were marked individually (Mar- 

tof, 1953). Because the incidence of abnormalities was low, I did not previously report 

the data. Here, I present data on incidence of malformations from almost 10,000 cricket 

frogs observed prior to population declines. I also compare these data to more limited 

recent data. 

RESULTS AND DISCUSSION 

Thirty years ago, morphological abnormalities occurred at low frequencies (0.39 %) in 

cricket frogs in Illinois (Table 1). The abnormalities occurred in two categories. Abnor¬ 

mal frogs were either missing whole or parts of limbs and digits or had deformed or extra 

limbs, digits and mouthparts. Most oddities involved missing arms and legs (0.32 %) 

rather than extra limbs (0.07 %). Only seven obvious developmental errors (extra or 

deformed arms, deformed digits, underdeveloped mouth) were recorded among almost 

10,000 frogs examined. Individuals captured and released at the seven main study sites 

in August were newly metamorphosed froglets that were emerging from the water. 

Most of the abnormalities reported for species other than cricket frogs also appear to 

involve missing rather than extra limbs. Missing limbs may reflect unsuccessful preda¬ 

tion attempts by other animals. Natural phenomena such as limb amputations during pre¬ 

dation attempts and parasitism (Sessions and Ruth, 1990), agricultural chemicals (herbi¬ 

cides, insecticides, fertilizers) and other xenobiotic contaminants (Ouellet et. al., 1997), 

UV-B radiation either directly (Blaustein et al., 1997) or indirectly by triggering produc¬ 

tion of toxicants from non-toxic chemicals (Dumont et al., unpubl. data), and radioactiv¬ 

ity (Meyer-Rochow and Koebke, 1986) have all been linked to amphibian abnormalities. 

Higher incidences of malformations have been reported for Pacific tree frogs (Hyla 

regilla) in Idaho (Reynolds and Stevens, 1984), H. regilla and long-toed salamanders 

(Ambystoma macrodactylum) in California (Sessions and Ruth, 1990), and for spotted 

salamanders (A. maculatum) (Worthington, 1974). In Minnesota, Quebec, and Vermont 

where abnormalities currently receive most of the attention, the overall frequency of mal¬ 

formations is 8 % but can be as high as 67 % in some ponds (Kaiser, 1997). A review of 

North American Reporting Center for Amphibian Malformations (NARCAM) data 

(www.npwrc.org/narcam) from across North America indicates that where the total num¬ 

ber of frogs observed is known, abnormalities can range from 0 to 100 %. However, 

where incidences of abnormalities are high, sample sizes are often low (i.e., <5). In many 

cases the total number of frogs examined is not reported, and in all cases, historic data 

with which to compare are nonexistant. 

Resampling (using similar methods) in spring and fall 1998 of the Mackinaw River 

including my study area by students of Dr. Lauren E. Brown showed no increase in the 

incidence of malformations from that observed 30 years ago. Of 140 frogs examined, 
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one had a broken hindlimb and three had a missing digit each. One of those with a 

missing digit also had a laceration on the same forelimb. On another frog, the digit was 

obviously damaged. The broken hind limb and lacerated forelimb were most likely the 

result of some type of accident. 

Review of the NARCAM data for A. crepitans provides no evidence of high incidences 

of malformations in the species either presently or in the past. Because cricket frogs 

appear to have declined in the absence of such evidence, different factors may operate to 

control these two phenomena. 

Conspicuous abnormalities usually constitute a survival handicap (Sessions and Ruth, 

1990; Ouellet et. al.,1997) because they interfere with swimming and hopping. Alterna¬ 

tively, Van Valen (1974) speculated that the occurrence of extra limbs and digits at rela¬ 

tively high frequencies in some amphibian populations may result in a morphologically 

and adaptively discontinuous origin for a new taxon. Interestingly, several of the frogs I 

marked as abnormal, were later recaptured and two had survived through the winter and 

following breeding season. The survival of these two frogs is noteworthy given the low 

frequency of abnormalities in Illinois and suggests that some abnormalities may not be as 

detrimental to survival as generally assumed. 

Evaluation of other historic databases that contain information on past malformation fre¬ 

quencies would show if the incidence of amphibian malformations has changed. Today, 

this is particularly relevant and urgent given the current status of amphibian populations. 
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Table 1. Frequency of Cricket Frog, Acris crepitans, abnormalities in Illinois, 1968- 
1971. 

Study Sites No. Frogs Examined No. Abnormalities % Abnormalities 

English Ponds 

Pond A 1,022 13 1 

Pond B 1,988 20 1 

Pond C 480 3 1 

Macinaw River 345 0 0 

Six mile Creek 715 0 0 

Dawson Lake 2,577 1 0.04 

Pine Hills 991 2 0.2 

Other Locations (28) 1,869 0 0 

Total 9,987 39 0.39 
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Figure 1. Study areas sampled in Illinois, 1968-1971, for cricket frogs, Acris crepitans. 

Main study areas indicated by name. 

Pine Hills Swamp 

SP98010001.3FH 
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ABSTRACT 

The cotton mouse (Peromyscus gossypinus) is on the northern periphery of its range in 

southwestern Kentucky, southeastern Missouri, and southern Illinois. Little information 

is available on the life history of cotton mice in Illinois, in part because of difficulty in 

differentiating them from white-footed mice (P. leucopus). Current identification is often 

based on lethal sampling, including collection of internal tissues for allozyme electropho¬ 

resis or measurement of skull characters. Here we describe a reliable, non-lethal method 

for distinguishing between cotton mice and white-footed mice using a diagnostic 

allozyme locus, glucose-6-phosphate isomerase (GPI-1) from toe-clips. This technique 

will enhance conservation efforts by making identification of P. gossypinus and P. 

leucopus easier in areas of sympatry. 

INTRODUCTION 

The cotton mouse was first described by LeConte in 1853 as Hesperomyscus gossypinus 

(LeConte, 1853; Bangs, 1896). Osgood (1909) revised the taxonomy and recognized 

four subspecies based on size and pelage colorations: P. g. anastasae, P. g. gossypinus, 

P. g. megacephalus, and P. g. palmarius. A large, pale subspecies, P. g. megacephalus, 

occurs in southern Illinois, southwestern Kentucky, and southeastern Missouri (Hoffmei- 

ster, 1989). 

Cotton mice are one of the most abundant mammalian species in the southeastern United 

States (Pournelle, 1952). Their geographic range extends from southeastern Virginia, 

south through Florida, west to eastern Texas, and north through Tennessee to western 

Kentucky (Hoffmeister, 1989). The species is on the northern edge of its range in south¬ 

ern Illinois, the Jackson Purchase Region of Kentucky (Barbour and Davis, 1974), and 

southeast Missouri, including the bootheel region (Hall, 1981). The cotton mouse is not 

listed as threatened or endangered in Illinois, but is a species of concern in Missouri 

(Bekiares, 2000) and threatened in Kentucky (Kentucky State Nature Preserves Commis¬ 

sion, 1998; Bekiares, 2000). 
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The cotton mouse is sympatric with the white-footed mouse (P. leucopus) in Arkansas, 

Louisiana, Mississippi, western Tennessee, northern Alabama, and in portions of Geor¬ 

gia, South Carolina, North Carolina, Virginia, Kentucky, Illinois, and Missouri (Hall, 

1981; Robbins et ah, 1985; Hoffmeister, 1989). Sympatry among species of Peromyscus 

is common in many geographic areas (Sternburg and Feldhamer, 1997) and identification 

often is difficult because of morphological similarity (Wolfe and Linzey, 1977; Schwartz 

and Schwartz, 1981; Engstrom et ah, 1982; McDaniel et ah, 1983). In Missouri, the 

reported range of the hindfoot length (HF) of adult cotton mice is 20-25 mm; the range of 

body mass (BM) is 19-25 g (Schwartz and Schwartz, 1981). These values overlap 

ranges reported for white-footed mice (HF = 19-25 mm; BM = 11-28 g). In Kentucky, 

the hindfoot length of cotton mice (HF = 21-26 mm) overlaps the range reported by Bar¬ 

bour and Davis (1974) for white-footed mice (HF = 19-22 mm). Ranges reported by 

Hoffmeister (1989) for cotton mice (HF = 22-25 mm) and white-footed mice (HF =18- 

22 mm) in Illinois also overlap. 

Methods used to distinguish sympatric species of Peromyscus include adrenal weight 

(Christian, 1967), calcaneum size (Stains, 1959), ratios of morphological characteristics 

(Hoffmeister, 1977), red blood cell immune agglutination (Moody, 1941), karyotyping 

(Hsu and Arrighi, 1966; Pathak et ah, 1973), and genic variation using electrophoresis 

(Price and Kennedy, 1980; Palas et ah, 1992). Many of these techniques are time con¬ 

suming, expensive, and/or involve sacrificing animals, which may not be practical for 

ecological, conservation, and/or behavioral studies (Feldhamer et ah, 1983). 

Our objective was to determine a non-lethal method for distinguishing between cotton 

mice and white-footed mice that would make future identification easier, more reliable, 

and of use in conservation projects where euthanasia of animals for identification pur¬ 

poses is unacceptable. We compared a non-lethal laboratory electrophoresis procedure 

using tissues obtained from toe-clips with a validated lethal electrophoresis technique 

using liver tissue (Price and Kennedy, 1980). Furthermore, we compared the electropho¬ 

resis results with a morphological technique based on a scatter diagram of skull and hind¬ 

foot measurements developed by Hoffmeister (1977). 

MATERIALS AND METHODS 

Collection of Peromyscus samples for analysis was conducted during November 1997 in 

New Madrid Co., Missouri, in bottomland hardwood forested areas located in Donaldson 

Point State Forest. We used Sherman live traps (8 x 9 x 23.5 cm), baited with cracked 

corn and sunflower seeds, and Museum Special snap traps, baited with peanut butter. 

Traps were set in the afternoon along transects, with traps placed 10 m apart. Traps were 

operated for a total of 730 trap nights. All animals with a hindfoot length > 22 mm or a 

body mass > 26 g were considered potential cotton mice based on ranges of morphologi¬ 

cal features (Barbour and Davis, 1974; Schwartz and Schwartz, 1981; Hoffmeister, 1989; 

Feldhamer et al., 1998). Live-trapped potential cotton mice were euthanized. Snap 

trapped and euthanized live-trapped Peromyscus were wrapped in aluminum foil and 

placed on dry ice for transport to the laboratory. 

In the laboratory, sex, reproductive condition, and age were recorded, and body mass, 

hindfoot length, total body length, and tail length were measured. Toe-clips and internal 
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tissues (liver and muscle) were collected and placed in separate microcentrifuge tubes. 

An approximately equal volume of grinding buffer (a mixture of 2% 2-phenoxyethanol 

and 0.25 M sucrose; see Nakanishi et al., 1969) was added to each tube and the tissue 

samples were frozen at -70°C for future genetic analysis (Hillis et al., 1996). Skulls were 

cleaned with dermestid beetles (Dermestes vulpinus) to measure length of nasals, condy- 

lobasal length, and crown length of maxillary toothrow. All abbreviations for enzymes 

follow Shaklee et al. (1990) and all names and enzyme commission numbers follow 

IUBNC (1984). 

Morphological identification of cotton mice and white-footed mice was based on a scatter 

diagram developed by Hoffmeister (1977). Condylobasal length multiplied by the max¬ 

illary toothrow was plotted against the hindfoot length multiplied by the length of the 

nasals. This technique was compared with the results of our non-lethal genetic technique. 

Price and Kennedy (1980), using starch-gel electrophoresis, found glucose-6-phosphate 

isomerase (GPI-1; EC 5.3.1.9) exhibited diagnostic alleles between P. gossypinus and P. 

leucopus when using internal tissues (lethal sampling). We attempted to isolate this 

allozyme from toe-clips and verify the banding using internal tissue (i.e., liver). Non- 

lethal sampling often yields a lower quality of enzyme extracts. Therefore, we employed 

cellulose acetate (CA) electrophoresis as described by Hebert and Beaton (1993). This 

technique requires smaller amounts of enzyme than starch gel electrophoresis. 

Before conducting allozyme electrophoresis, 80 pi of distilled water was added to each 

sample. Tissue samples were homogenized in the microcentrifuge tubes with a dispos¬ 

able pestle (Kimble Sciences Products, Vineland, NJ). Homogenates were centrifuged at 

approximately 10,000 G’s for five minutes in order to separate the supernatant (with 

enzymes) from cellular debris. 

Ten pi of the resulting supernatant was placed in an individual loading plate well (Helena 

Laboratories, Beaumont, TX). Toe-clip and liver samples from the same individual were 

run to ensure enzyme quality/quantity from toe-clips. Six individuals (12 lanes) were run 

at a time. A continuous Tris Glycine (pH 8.5) buffer system was used. Gels were elec- 

trophoresed at 191 v for 25 min. Following electrophoresis, gels were histochemically 

stained, scored, dried in an oven, and saved as vouchers (Hebert and Beaton, 1993). 

RESULTS 

Twenty-eight Peromyscus meeting the criteria of hind foot length or body mass were 

removed from the field. Four cotton mice were identified using mensural characteristics 

(Fig. 1) based on Hoffmeister (1977). The remaining 24 Peromyscus were white-footed 

mice. The mean body mass of adult cotton mice was 34.8 g (SD = 0.42). This mass was 

different (t = 2.53, p < 0.01, df = 21) from the mean body mass of adult white-footed 

mice (28.8 g , SD = 3.28). Mean hindfoot length (24 mm; SD=0.00) of adult cotton mice 

was greater (t = 4.94, p < 0.0005, df = 21) than the mean hind foot length (20.91, SD = 

0.89 mm) of adult white-footed mice. 

We verified that GPI-1* was a diagnostic locus, and identical banding was produced 

using tissue from liver and toe-clips (Fig. 2). The allelic mobility was significantly faster 
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(more cathodal) in cotton mice when compared to the allelic mobility of white-footed 

mice. Three of the 4 cotton mice identified using Hoffmeister (1977) were identified 

using this non-lethal diagnostic allozyme marker (Fig. 1). 

DISCUSSION 

The morphological measurements of cotton mice in our study represented the maxima in 

the range of measurements reported in the tristate area (Barbour and Davis, 1974; 

Schwartz and Schwartz, 1981; Hoffmeister, 1989), and were similar to the means of cot¬ 

ton mice recently collected in Kentucky (BM = 32.87; HF = 22.75) and Missouri (BM = 

28.68; HF = 23.5) by Bekiares (2000.). Feldhamer et al. (1998) reported the average 

hindfoot length and body mass of Illinois cotton mice were 22.4 mm and 26.7 g, respec¬ 

tively. All adult cotton mice in our study and Feldhamer et al. (1998) adhered to the 

“general rule” of body mass > 26 g or hindfoot length > 22 mm as well as the ratios 

established by Hoffmeister (1989). However, all cotton mice did not exhibit both mor¬ 

phological characteristics. 

Our findings suggest that although morphological measurements may indicate a potential 

cotton mouse, additional methodology is needed for positive species identification (i.e., 

allozyme electrophoresis). Based on morphological measurements alone, we would have 

misidentified 17 white-footed mice as cotton mice because they met one or both of the 

hindfoot and body mass criteria. Additional factors, such as reproductive condition and 

age of the individual, can make identification based on these measurements difficult. 

Boone (1995) suggests cotton mice exhibit a clinal geographic pattern, with larger indi¬ 

viduals on the northeastern, northwestern, and southwestern edges of their range. The 

mice collected in Missouri adhered to this pattern in that they were relatively large. 

Bekiares (2000) also found large individuals in Missouri and Kentucky. However, Feld¬ 

hamer et al. (1998) found small individuals in Illinois. These findings reinforce the need 

for a reliable method of species identification in this tristate area. 

The use of toe-clips and allozyme electrophoresis for species identification is useful 

because toe-clips are commonly taken during small mammal studies for mark/recapture 

information. Toe-clips are also taken in studies that involve animal movements, species 

abundance/evenness estimation, and long-term population monitoring. The removal of a 

toe-clip has minimal effect on an individual. 

In Illinois, this non-lethal technique is especially useful because the status of the cotton 

mouse is not known. The species was not reported in Illinois for nearly 90 years 

(Hoffmeister, 1989), until they were captured in 1996 at Horseshoe Lake Conservation 

Area, Alexander Co. (Feldhamer et al., 1998). Little information is available on the life 

history of cotton mice in Illinois, in part because of past difficulty in species identifica¬ 

tion. Our method of distinguishing between cotton mice and white-footed mice will 

enhance conservation efforts by simplifying future identification of these species in areas 

of sympatry and provides an alternative method for use in projects where euthanasia of 

animals for identification purposes is unacceptable. 
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Figure 1. Scatter diagram of two ratios used to separate P. leucopus and P. gossypinus 

(based on Hoffmeister, 1977). Individuals to the right of the line are presumed 

P. gossypinus and those to the left of the line are presumed P. leucopus. The 

three largest individuals (upper right corner) were identified as P. gossypinus 

by the scatter diagram and our non-lethal allozyme marker. 

Hindfoot x Nasals 

Figure 2. Allelic mobility of P. leucopus and P. gossypinus and banding patterns of toe- 

clip (lane 12) and liver tissue (lane 5) of P. gossypinus at the G/7-7* locus. 
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ABSTRACT 

Investigating the dynamics of host-parasite systems requires an understanding of inci¬ 

dence rate, the rate of colonization of uninfected susceptible hosts. Perceived difficulties 

in collecting field information have confounded the use of incidence rate to describe 

metapopulation dynamics of naturally occurring parasite endemics in populations of wild 

hosts. Herein a rationale is presented for calculating two discrete time representations of 

the incidence concept, relative change in prevalence, and apparent incidence from 

sequential changes in prevalence in host-parasite systems conforming to models of sim¬ 

ple epidemics. These methods do not require a priori knowledge of the infection status 

and may be applied to populations of wild hosts. 

Keywords: incidence rate, prevalence, recovery rate, simple epidemics 

INTRODUCTION 

Understanding the population ecology of helminth parasites requires a knowledge of the 

rate at which helminths colonize their hosts. Unlike populations of free-living animals 

whose life histories are frequently described in terms of births and deaths, the dynamics 

of most helminth populations in their definitive hosts must be characterized by coloniza¬ 

tion and death (Esch and Fernandez 1993). In general, the offspring of one helminth 

generation are shed into the environment from where, after a more or less complicated 

developmental sequence depending upon the parasite species considered, infective larva 

must colonize a host and metamorphose into adult worms. The ephemeral nature of the 

availability of suitable hosts also contributes to the importance of colonization in the 

population ecology of helminths. Helminth infrapopulations, all the individuals of one 

parasite species within an individual host, may be extinguished through the development 

of a host immune response as well as by death of the host, while births in the host popu¬ 

lation generate new vacant habitat. Over time the maintenance of helminth metapopula¬ 

tions is recognized by parasitologists as being critically dependent upon the establishment 

of new infrapopulations through the colonization of susceptible hosts. 
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Ecological interactions within and between infrapopulations are considered also to be 

critically dependent upon the colonization of host individuals by parasites (Simberloff 

and Moore 1997). Many questions about the relationship between ecological phenomena 

and colonization rates have been generated by the evolutionary theory of parasites (i.e. 

Price 1980, 1987; Esch and Fernandez 1993). Examples of these include: (1) is 

infrapopulation size correlated with the magnitude of colonization rates; (2) is coloniza¬ 

tion rate associated with metapopulation size; (3) is colonization rate correlated with host 

specificity; and (4) are the colonization rates of common species high enough to allow 

interactions between parasite species to influence parasite community structure? Clearly, 

the estimation of the colonization rate of helminth parasites is related to a large number 

of areas of investigation in parasite population ecology. Unfortunately, the quantitative 

description of parasite colonization rate in natural settings and evaluation of its relation¬ 

ship to ecological expectations has remained problematic because of perceived difficul¬ 

ties in estimating the colonization rate of populations of wild hosts by parasitic helminths. 

Within parasitology the term colonization rate is comparable to the epidemiological term 

incidence. Conceptually, epidemiologists use incidence to describe the propagation rate 

of cases of infections within a host population (Mausner and Bahn 1974). Margolis et al. 

(1982), serving as an ad hoc committee to the American Society of Parasitology on the 

use ecological terminology in parasitology, recommended adopting the term incidence 

for similar use in parasite ecology. For use in parasite ecology, they defined incidence as 

the proportion of new cases of parasitic infection among uninfected hosts during a period 

of time. This definition made a useful distinction between incidence and prevalence, the 

proportion of the host population infected with a parasite species, but provided little 

assistance in applying incidence to parasite ecology. Parasitologists' frustration with their 

inability to estimate incidence was expressed in the commentary of the ad hoc committee, 

“Incidence is not likely to be applicable when studying populations of feral [wild] ani¬ 

mals because the number of uninfected individuals at the beginning of the time period is 

rarely known.” The committee's emphasis of prerequisite knowledge of the infection 

status of individuals directed parasitologists' attention toward impractical solutions. 

The legacy of the comments of the ad hoc committee concerning incidence includes the 

belief among parasitologists that extraordinary collection techniques (mark and recap¬ 

ture) and case identification methods (techniques that don't kill the host) are required to 

estimate incidence. Recent authors have repeated that belief over several editions of a 

popular parasitology text (i.e. Roberts and Janovy 1999) indicating that the belief is 

becoming established as a fundamental of parasitology training in the United States. This 

report concerns an algebraic approach to using prevalence information to obtain estimates 

of incidence. The method is suitable for use in studies of parasitic infections in wild 

populations and does not require monitoring special individual hosts. 

METHODS 

The Relationship Between Incidence and Changing Prevalence 

Seasonal irruptions of helminth infections in wild animals are commonly witnessed as the 

rise and fall in a sequence of estimates of prevalence. Such patterns (i.e. Dronen 1978) 

provide an indication of the timing and outcome of temporal changes in underlying pro¬ 

cesses of infection in terms of changes in the proportion of the host population that is 
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infected. In a sequence of two prevalence estimates, the prevalence at a subsequent time 

period depends upon an initial prevalence, P, and the change in prevalence, AP, during 

the sampling period. Stated algebraically 

Pt+1 = Pt + AP Eq. 1 

Information concerning incidence rate is contained in AP and can be demonstrated using 

an extremely simple epidemic model (Figure 1). The model represents a host population 

divided into two states, susceptible, S, individuals and infected, I, individuals. It is 

termed a susceptible-infected or SI epidemic model (Poole 1974). In the SI model the 

transition of members of the host population from one state to the other depends upon 

incidence rate, /, and recovery rate, r, the proportion of infected hosts that return to the 

susceptible state. 

When the sizes of the infection states of the population are considered as proportions, I is 

the proportion of the population in the infected state. Hence, I equals P, the prevalence of 

infection in the host population. It follows that the uninfected proportion of the host 

population, S, equals 1-P. A change in prevalence, AP, is equal to the difference between 

the proportion of the host population becoming infected, Si, and the proportion of the 

host population recovering from infection, Ir. Substitution of the terms of the simple 

epidemic model into Eq. 1 yields: 

P = Pt+1 - Pt = St i - It r Eq. 2 

Expressing the term I as P yields the equivalent 

p=p*i - p, /- p. r 

Equation 2 provides the framework for estimating incidence from changes in prevalence 

of infection in wild populations of host. Because Eq. 2 is based on proportions of the 

population in each epidemiologic state, estimating incidence, at least in principle, is not 

dependent upon following special individuals through time. Obtaining values for / and r, 

requires the application of common techniques for solving equations with two unknowns. 

Obtaining an Estimate of Incidence from Sequential Prevalence Data 

When parasite infections conform to a simple epidemic model, estimates of both inci¬ 

dence rate, i, and recovery rate, r, may be obtained from sequential estimates of change in 

prevalence. These estimates enable the creation of a system of two equations which may 

be solved for estimates of i and r, that will satisfy both equations. The equations of inter¬ 

est represent two changes in prevalence developed from three consecutive samples. 

Pt+i 

Pt+2 

= St i - Pt r 

= St+1 i - Pt+1 r 

Eqs. 3 

If it can be assumed that i and r remain constant between three consecutive samplings 

(limitations are discussed below) these parameters can be estimated using a technique of 
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matrix algebra termed Cramer’s rule (Kline et al. 1959). Where only two sequential 

estimates of prevalence are available, the midpoint value of prevalence can be found by 

interpolation and used as the third prevalence estimate. The computations are straight 

forward and easily undertaken by hand or programmed into a spreadsheet. For example, 

assume three consecutive estimates of prevalence are Pj=47%, P2 =65%, and P3=75%. 

Then Eqs. 3 may be assigned variables so that 

and 

P2 - P, = Sj i - P,r becomes 18 = 53i - 47r 

P3 - P2 =S2i- P2r becomes 10 = 35/ - 65r 

This leaves the rate constants to be determined through the application of Cramer’s Rule 

as follows: 

AP1i2 p, 

AP2,3 P2 

"vT 
S2 P2 

and by expansion 

it>t+2 = ((18 x -65) - (-47 x 10))/((53 x -65) - (-47 x 35)) = -700/-1800 = 0.39 

The numerator is obtained from the determinant of the system. The denominator is 

obtained by replacing the coefficient of the variable for which the system is being solved 

with the appropriate AP. So, recovery rate is similarly found as 

rtt+2 = ((53 x 10) - (18 x 35))/ ((53 x -65) - (-47 x 35)) = -100/-1800 = 0.05 

The application of Cramer's Rule has limiting assumptions. The determinant of the sys¬ 

tem must not equal zero. For the model considered herein, this will occur if the change in 

prevalence equals zero, even if during such an equilibrium i and r are known by other 

means to be non-zero. Another assumption of Cramer's Rule is that the rates i and r 

remain constant over the sampling period for which estimates are sought. When interpo¬ 

lation is not used to find a midpoint prevalence, the midpoint prevalence cannot be a 

minimum or a maximum where that assumption would be unreasonable. Because the 

parameters obtained are discrete time estimates of a phenomenon that occurs in continu¬ 

ous time, it may be appropriate to refer to estimates obtained by this method as apparent 

incidence rate and apparent recovery rate. 

Unique solutions for both i and r in Eq. 2 cannot be determined from one change in 

prevalence. However, incidence rate may be determined from one change in prevalence 

if recovery rate is zero. The use of sentinel (tracer hosts) in parasitology represents such 

a special case. In this methodology, uninfected susceptible hosts are placed at risk to 

infection, and the change in their infection status after exposure is determined. The pro¬ 

portion of infections after exposure represent the incidence rate. With respect to Eq. 2, 

when r = 0 the term Ir is dropped and incidence may be found as: 
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i= (Pl+1-Pt)/St Eq4. 

Using contrived data where Pj = 47%, P2 = 65%, 

i = (65-47)/ 53 = 18/53= .34 

The underlying assumption of this estimate of incidence is that there are no hosts recov¬ 

ering from infection during the time bounded by the two prevalence estimates; an original 

prevalence of zero is not required for the use of tracer hosts. In circumstances where 

recovery rate is absent or considered to be insignificantly low relative to the sampling 

interval, this change in prevalence relative to the uninfected proportion of the population 

might be a useful approximator of the colonization process. Serologic surveys may pro¬ 

vide such a circumstance, although sero-positivity is not necessarily an indication of 

infection. While serologic changes may not be permanent, the change from sero-positiv¬ 

ity to sero-negativity is likely to meet the criteria of being slow relative to the sampling 

interval. The term relative change in prevalence is an appropriate name for the represen¬ 

tation in Eq 4 if the recovery rate can be assumed very small but cannot be known to be 

zero. If applied to circumstances where recovery occurs, this estimator of incidence is 

subject to a systematic bias proportional to both the magnitude of prevalence and the non¬ 

zero recovery rate. 

DISCUSSION 

Progress in studying the population ecology of parasitic helminths has been hampered by 

a failure to understand the relationship of the concept of incidence to theoretical epi¬ 

demiology. This has led to the growing belief that estimating incidence rate requires con¬ 

ditions that cannot easily be met during investigations of helminth parasites in wild popu¬ 

lations (Margolis et al. 1982, Roberts and Janovy 1999). As shown above, sequential 

changes in prevalence of infection, which can be obtained for populations of wild hosts, 

contain incidence information that may be possible to extract with the aid of simple epi¬ 

demic models. 

Models of simple epidemics have existed for more than 75 years (i.e. Lotka 1924, 

reprinted as Lotka 1956). Martini (1921, as cited by Lotka 1956) considered a variation 

on the simple epidemic model in the first quarter of the 20th century. It is worth stating 

that opportunities for noticing the relationship between changes in prevalence and the rate 

parameters of simple epidemic models have existed since at least that time. However, 

epidemiology focuses on human disease where incidence of disease is frequently esti¬ 

mated from physician and laboratory reports of new cases of disease. Perhaps because of 

this lack of need, using simple epidemic models to determine incidence rate from preva¬ 

lence data gained no interest. 

The historic association of parasitology with medicine and the adoption of epidemiologic 

terminology by parasitologists has obscured the relationship of their work with that of 

ecologists of free-living animals. The representation of the change in prevalence in Eq 2 

is clearly a form of the so-called patch metapopulation model originally introduced by 

Levins (1969). The epidemiologic terms used by parasitologists parallel terminology 
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used in metapopulation models; incidence rate is very similar to patch colonization rate, 

and recovery rate is similar to patch extinction rate. Knowledge of this similarity and an 

ability to estimate incidence and recovery rates for natural infections in wild animals will 

help parasite population ecologists to more fully participate in the field of metapopulation 

studies. 

Obtaining estimates of incidence using the method suggested above must be done with 

some care. When applied to prevalence trajectories, the solution of Eqs. 3 will generate 

estimates of both i and r that provide apparently good fits to the prevalence trajectory on 

which they are based, regardless of whether or not the SI model appropriately reflects the 

nature of the host-parasite system. Consequently, apparent goodness of fit of predicted 

values of prevalence to empirical measurements of prevalence is a necessary but insuffi¬ 

cient criterion for acceptance of incidence estimators. 

The biological goodness of incidence estimators must be considered in view of available 

information on the life-history of the host-parasite system under study. If the SI model 

were inappropriate for the system under study, so too would be incidence estimators 

obtained through its use. Susceptibility to infection in the host population may vary with 

age (size), gender, or other factors that might stratify the population relative to suscepti¬ 

bility making a simple epidemic model unacceptable. As in the familiar Lincoln-Peter- 

son estimate of population abundance, measurement of changes in proportional repre¬ 

sentation in a population may be influenced by changes in population size. Where host 

births, deaths, or migration are significant, the SI model may again be unacceptable. 

Sampling protocols used to obtain sequential estimates of prevalence must use the same 

care expected in all longitudinal studies of parasite occurrence. Again, the methods must 

consider the life-history of the specific host-parasite system under study. As the time 

between samplings becomes large the assumptions of constancy of i and r, and the 

absence of changes in the host population during sampling intervals become less tenable. 

In conclusion, parasite ecologists have worked under the impression that a priori knowl¬ 

edge of the infection status of special individuals and special circumstances are needed to 

estimate incidence rate (Margolis et al. 1982, Roberts and Janovy, 1999). This has dis¬ 

couraged the measurement of incidence rate and, consequently, the study of metapopula¬ 

tion dynamics of helminth parasites in wild populations of hosts. At least in principle, 

two approximations of incidence may be obtained from a series of prevalence estimates. 

These estimates are suitable for naturally occurring epidemics in wild host populations 

that conform to simple epidemic models. 

ACKNOWLEDGMENTS 

Dr. John C. Holmes, University of Alberta, and Dr. Dennis Mick, Carroll College are 

thanked for their criticism during the early development of these ideas. 



299 

LITERATURE CITED 

Esch, G.W. and C.W. Fernandez, 1993. A Functional Biology of Parasitism: Ecological and Evo¬ 
lutionary Implications. Chapman and Hall, London, 337 pp. 

Dronen, N.O. 1978. Host-parasite population dynamics of Haematoloechus coloradensis Cort, 

1915 (Digenea: Plagiorchidae). The American Midland Naturalist, 99 (2): 330-349. 
Kline, W.E.; R. Oestrele; L.M. Willson. 1959. Foundations of Advanced Mathematics. American 

Book Company, New York. 

Levins, R. 1969. Some demographic and genetic consequences of environmental heterogeneity for 
biological control. Bulletin of the Entomological Society of America. 15: 237-240. 

Lotka, A.J. 1956. Elements of Mathematical Biology. Dover Publications, New York. 465 pp. 

(published in 1924 as Elements of Physical Biology) 
Margolis, L., G.W. Esch, J.C., Holmes, A.M. Kuris, G.A. Schad. 1982. The use of ecological 

terms in parasitology (Report of an ad hoc committee of the American Society of Parasitology). 

Journal of Parasitology, 68 (1), 131-133. 
Mausner, J.S. and A.K. Bahn 1974. Epidemiology, An Introductory Text. W.B. Saunders. Phila¬ 

delphia. 377 pp. 
Poole, R. W. 1974. An Introduction to Quantitative Ecology. McGraw-Hill, New York. 532 pp. 
Price, P.W. 1980. Evolutionary Biology of Parasites. Princeton University Press. Princeton. 

Price, P.W. 1987. Evolution in parasite communities. International Journal for Parasitology, 17, 

209-214. 
Roberts, L.S. and J. Janovy, Jr. 1999. Gerald Schmidt & Larry S. Roberts’ Foundations of Parasi¬ 

tology. 6th Edition McGraw-Hill. 

Simberloff, D. and J. Moore, 1997. Community ecology of parasites and free-living animals. In 
D.H. Clayton and J. Moore. Host Parasite Evolution: General Principles and Avian Models. 

Oxford University Press. Oxford. 473 pp. 



300 

Figure 1. Graphic representation of a Susceptible-Infected (SI) epidemic model. 

P=prevalence, the proportion of infected hosts. 
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ABSTRACT 

Fifty-two nests of the fringed darter (Etheostoma crossopterum) were located in southern 

Illinois during April-June 2000. Two nests were found as late as 24 June in Mill Creek. 

In several stream segments that lacked suitable rocks for nest sites, eggs were deposited 

on logs, boards, tires, and metal objects. Reproduction occurred in a degraded and silted 

section of Mill Creek. Fringed darters were found in a tributary of Mill Creek where they 

had not been collected previously. 

INTRODUCTION 

The fringed darter is a small fish that generally occurs in rocky-bottomed streams in por¬ 

tions of Alabama, Tennessee, Kentucky, and Illinois (Braasch and May den, 1985; Page et 

al., 1992; Poly and Wilson, 1998). The fringed darter was unknown in Illinois until Poly 

and Wilson (1998) identified the species from streams in the Cache River basin in Union 

and Alexander counties. In the Cache River basin, the fringed darter previously had been 

identified as spottail darter (.Etheostoma squamiceps), which occurs in southeastern Illi¬ 

nois, Indiana, Kentucky, and Tennessee (Braasch and Mayden, 1985; Page et al., 1992). 

Page (1974) and Poly and Wilson (1998) reported ecological and life history information 

on fringed darters in Kentucky and Illinois, respectively. Eggs typically are attached to 

the undersides of slab rocks. In 1997 fringed darters were found in six streams in the 

lower portion of the Cache River basin but were absent at many other sites within the 

basin (Poly and Wilson, 1998; unpubl. data). Because tributaries of the Cache River have 

been modified to various extents and these modifications often result in increased silta- 

tion, fringed darters and their nests were sought in both mildly and severely modified 

habitats to determine if they inhabited, and reproduced in, the more degraded sites. 

METHODS AND MATERIALS 

Rocks and other objects in the streams were checked for the presence of eggs, and any 

adult fishes with a nest of eggs were recorded. Notes were taken on nest sites of fringed 

darters in Lingle Creek (14 April, 12 June 2000), Mill Creek (14 April, 1, 20, 28 May, 12, 

24 June 2000), and an unnamed tributary of Mill Creek (20 May 2000). The amount of 
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effort for searches varied. When a nest was located, the nest substrate and number of 

adult males and females at the nest were recorded. Most nests and adult fishes were 

returned to the stream at the capture site (males guarding nests return promptly and do 

not abandon nests; Page, 1974; W. Poly, pers. obs.). Repeated visits to the same site 

were made at intervals that would allow for eggs from nests found previously to have 

hatched (Page, 1974), and different stream segments were searched as well to avoid 

repeated observation of the same nests. Adult and young-of-the-year specimens from an 

unnamed tributary of Mill Creek, an unnamed tributary of Big Creek, and two other sites 

on Mill Creek were preserved and deposited in the University of Tennessee Vertebrate 

Collection (UT) (Appendix A). All young-of-the-year darters were measured to the near¬ 

est 0.1 mm SL with a dial caliper. 

RESULTS 

Fifty-two nests were found, and many of them were on objects other than rocks (Table 1). 

Nests were found on rocks (73%) at sites where rocks were abundant, whereas in stream 

segments with few suitable rocks, eggs were deposited on other objects (27%) such as 

tires, boards, logs, and metal objects. Two nests occurred on the same object in four 

cases, and three nests were found on one tire (Table 1). One site on Mill Creek was 

channelized and silted severely, yet two nests were found on a metal barrel (ca. 30 cm 

apart), and numerous young-of-the-year occurred at the site. Two nests were found on 24 

June in upper Mill Creek (water temp. 20.5°C); eggs in the smaller nest were well-devel¬ 

oped, whereas eggs in the larger nest had been laid recently based on their lack of devel¬ 

opment. The nuptial condition of male fringed darters in upper Mill Creek was waning 

on 24 June. In an unnamed tributary of Mill Creek, four nests were found, and adults and 

young-of-the-year were captured in this tributary, which had been channelized and had a 

heavy silt load. Young-of-the-year darters were 12.7-21.7 mm SL (mean = 18.2, n = 

25; 20 May, Mill Creek and trib.) and 16.5 - 26.4 mm SL (mean = 21.0, n = 13; 24 June, 

trib. of Big Creek) and probably represent offspring from the earliest spawning activity. 

DISCUSSION 

Late-June is the latest date known for nesting by fringed darters, although other species in 

the subgenus Catonotus spawn in mid-June or later (Page and Burr, 1976; Braasch and 

Mayden, 1985; Layman, 1984, 1991). Page (1974) reported spawning in a northern 

Kentucky population of fringed darters from late March through late May 1973 and noted 

that spawning might occur in early June. In northern Alabama, breeding adults were 

found from late March into early June (Mettee et al., 1996). Nests of the relict darter 

(Etheostoma chienense) were found as late as 8 June 1995 (Piller and Burr, 1999). The 

spawning season might have been longer in upper Mill Creek due to this stream being 

spring-fed and also because this site is at the northern edge of the species’ distribution. 

Even though the weather was unseasonably warm during winter and spring of the year 

2000, the water temperature in upper Mill Creek was 20.5°C on 24 June. The number of 

nests (n = 18) in upper Mill Creek on 12 June compared with other dates likely was due 

to more searching effort and the presence of many slab rocks rather than being an indica¬ 

tion of peak spawning period. 
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Darters of the subgenus Catonotus usually deposit eggs on the undersides of slab rocks 

(Page, 1974; Page and Mayden, 1979) but will use other objects when rocks are scarce. 

In this study, 27% of fringed darter nests were on objects other than rocks. In 1997, one 

fringed darter nest was found on a metal barrel lid in a tributary of Hartline Creek, Illi¬ 

nois (Poly and Wilson, 1998). The relict darter occurs in streams containing few natural 

slab rocks, and 43% of their nests were on a variety of unnatural items such as tires, glass 

bottles, and a metal air conditioner cover (Piller and Burr, 1999). Page (1980) found 

nests of the dirty darter (Etheostoma olivaceum) on a tile and a metal can. 

Degradation of aquatic habitats remains a threat to the fringed darter and other aquatic 

organisms in Illinois. Fortunately, the fringed darter seems to be capable of maintaining 

populations even in degraded streams; however, populations from other streams in the 

drainage might be the source of immigrants that help maintain the species at the degraded 

sites. The ability to use a variety of nesting substrates coupled with the strategy of laying 

eggs on the undersides of objects with the male parent tending the eggs likely enables the 

fringed darter to persist in areas where other darters (i.e., egg burying species) might 

perish because of increased siltation. 
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Table 1. Nest substrates used by Etheostoma crossopterum in Mill Creek and its tribu¬ 

taries from April to June 2000. 

Nest 

Substrate 

Number 

of objects 

Number 

of nests Date Stream 

Rocks (73.0%) 4 4 14 April Lingle Creek1 

4 4 14 April Mill Creek2 

1 1 1 May Mill Creek3 

4 4 20 May trib. Mill Cr.4 

5 5 28 May Mill Creek2 

18 18 12 June Mill Creek2 

2 2 24 June Mill Creek2 

Logs (5.8%) 1 2 14 April Mill Creek2 

1 1 28 May Mill Creek2 

Tires (7.7%) 2 4 1 May Mill Creek3 

Boards* (5.8%) 1 2 14 April Mill Creek2 

1 1 1 May Mill Creek3 

Metal** (7.7%) 2 2 1 May Mill Creek3 

1 2 20 May Mill Creek5 

Total 47 52 

Nests were not found on 12 June 2000 in Lingle Creek or on 24 June in an unnamed 

tributary of Big Creek. * wooden board and “press board,” **shovel spade, barrel, scrap 

metal. Localities: (1) at St. Rt. 127 bridge, Union Co., Illinois (T13S, R1W, Sec. 30, SE 

1/4), (2) at Miller Rd. (Co. Rd. 1500E), 7 km W Dongola, near quarry, Union Co., Illi¬ 

nois (T13S, R1W, Sec. 20, SW 1/4), (3) upstream and downstream of Lake Road (Co. 

Rd. 035N) adjacent to town of Mill Creek, Union Co., Illinois (T13S, R1W, Sec. 32, SW 

1/4), (4) at road bridge 3.5 km NW Ullin, Alexander Co., Illinois (T14S, R1W, Sec. 10, 

SW 1/4), (5) at road bridge 2.2 km WNW Ullin, Alexander/Pulaski Co. border, Illinois 

(T14S, R1W, Sec. 22, NW 1/4) 
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Appendix A. Sites from which specimens of Etheostoma crossopterum were preserved. 

UT 91.5755 (2 adult males, 6 juveniles), Mill Creek, at road bridge 2.2 km WNW Ullin, 

Alexander/Pulaski Co. border, Illinois (T14S, R1W, Sec. 22, NW 1/4, 

37° 17"06789° 12'25~), 20 May 2000, W.J. Poly & J.E. Wetzel; UT 91.5750 (3 adult 

males, 1 adult female), Mill Creek, upstream and downstream of Lake Road (Co. Rd. 

035N) adjacent to town of Mill Creek, Union Co., Illinois (T13S, R1W, Sec. 32, SW 1/4, 

37°20'29789°14'57~), 1 May 2000, W.J. Poly & J.E. Wetzel; UT 91.5753 (5 adult males, 

8 adult females, 19 juveniles), tributary (unnamed) of Mill Creek, at road bridge 3.5 km 

NW Ullin, Alexander Co., Illinois (T14S, R1W, Sec. 10, SW 1/4, 37°18T9789°12'28~), 

20 May 2000, W.J. Poly & J.E. Wetzel; UT 91.5757 (2 adults, 13 juveniles), tributary 

(unnamed) of Big Creek, at U.S. Rt. 51 bridge (Co. Rd. 1975E/1980E) in Dongola, Union 

Co., Illinois (TBS, R1W, Sec. 25, NE 1/4, 37o21'53789°09'48~), 24 June 2000, W.J. 

Poly 
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BOOK REVIEW #4 

Christiansen, Paul and Mark Miiller. An Illustrated Guide to Iowa Prairie Plants. 1999. ix 
+ 237 pages; species lists; dichotomous keys; descriptions; illustrations; distribution 
maps; list of Iowa prairies; glossary; references; index. University of Iowa Press, Iowa 
City, IA. Cloth and Paper. Prices: US$44.95 and $22.95; respectively. Available from 
University of Iowa Press, 100 Kuhl House, Iowa City, IA 52242-1000. 

Paul Christiansen, professor emeritus at Cornell College, is a lifetime student of Iowa 
prairies. This book is promoted as a guide to help others explore prairies that he finds so 
fascinating. A map depicting the extent of the prairie formation within the United States 
and narrative descriptions of tallgrass, midgrass, and shortgrass prairies are included in 
the preface. A brief description of the vegetation of the tallgrass prairie follows. Here, 
Iowa is identified as the only state completely within the tallgrass prairie formation. An 
introductory section describes the features of the book. It includes a list of species and 
two dichotomous keys to the families treated in the guide. The first key is based on 
flower characteristics and the second key on vegetative characteristics. Brief family 
descriptions follow. 

Descriptions, distribution maps and illustrations are given for 284 species of plants com¬ 
mon to Iowa prairie remnants. Technical terms are kept to a minimum and those used are 
carefully defined in a glossary. Descriptions, while lacking the technical detail found in 
more comprehensive manuals, are adequate for identifying the species included in the 
guide. Distribution maps are based on county records within the state. Illustrations of 
species show considerable detail and are generally based on direct field observations by 
the artist, Mark Muller. The high quality and detail of the illustrations make this book 
user-friendly. However, the sizes of some illustrations are initially confusing in that they 
do not correspond to plant sizes given in the text. For instance, on facing pages the illus¬ 
tration of Monarda fistulosa is much smaller than the illustration of Prunella vulgaris but 
the size of the latter plant is actually much smaller than the former. 

The keys, descriptions and illustrations are designed for use in the field although the 8.5" 
x 11" physical format is not that of a typical field guide. Even though the 284 species 
treated in the guide constitute an extensive representation of the plants common to upland 
tallgrass prairies, extremely hydric species, extremely xeric species, woodland species 
and exotics are not included. Although the authors urge users to consult additional refer¬ 
ences for positive identifications, it would be appropriate to explicitly caution users, 
especially amateurs, to consult other references when specimens do not precisely fit 
given descriptions, because the specimens may represent species not covered in the 
guide. The reference section contains a list of 20 floral studies of Iowa and adjacent prai¬ 
rie states followed by a list of 11 natural history citations related to Iowa and the prairie 
formation. Also included is a list of 39 Iowa prairies open to the public. The book is an 
excellent resource for students of plant taxonomy and serious novices seeking to identify 
native plants of tallgrass prairie communities in Iowa, Illinois and elsewhere. Its 
simplicity, modest price, and extensive coverage make it particularly valuable for 
introducing high school and college students to plants of the tallgrass prairie. 

Reviewer: Gerrit D. Van Dyke, Department of Biology, Trinity Christian College, 6601 West 
College Drive, Palos Heights, IL 60463 
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BOOK REVIEW #5 

Chadde, Steve W. A Great Lakes Wetland Flora: A Complete, Illustrated Guide to the 

Aquatic and Wetland Plants of the Upper Midwest. 1998. x + 569 pages; dichotomous 

keys, descriptions; illustrations; references; illustration credits; list of species with their 

wetland indicator status rankings; illustrated glossary; index. Pocketflora Press, Calumet, 

Michigan. Paper. Price: US$44.95. Available from Pocketflora Press, RR1 Box 206A, 

Calumet, MI 49913. 

Wetlands are important transitional ecosystems of our landscape mosaic between aquatic 

and upland ecosystems. Owing to their unique, but varied, vegetational and plant growth 

medial features, wetlands provide remarkable and vital functions. They have the capacity 

to store large volumes of runoff and then gradually release water that recharges ground 

water aquifers, discharges water into streams, and reduces the adverse effects of flood 

and drought periods. Wetlands are natural filters. They remove sediments from runoff, 

and they remove heavy metals, excess nutrients, and other toxicants. Wetlands have a 

relatively high productivity and provide significant habitats for native organisms (ani¬ 

mals, fungi, plants, etc.) consisting of species that vary from those with narrow ecologic 

amplitudes to those with relatively broad ecologic amplitudes. Therefore, wetlands are 

critical in maintaining biodiversity across our landscape mosaic. 

The benefits of conserving and protecting wetlands has been known among fish and 

wildlife enthusiasts and naturalists for over a half century, but only recently have the 

functional values of wetlands gained a broader public interest with respect to their ecol¬ 

ogy, conservation, restoration, and construction. Hence, professional and non-profes¬ 

sional citizens interested in wetlands continuously need useful information. To this end, 

the author's comprehensive manual, that reflects his extensive knowledge and field 

experiences in wetlands, provides a wealth of information on how to identify and 

understand the types of wetlands and their corresponding vascular plants for the "Great 

Lakes Region." Here, the "Great Lakes Region" consists of Minnesota, Wisconsin, 

Michigan, northern Illinois, and northern Indiana, furthermore the manual is applicable to 

areas beyond the boundaries of this region. 

Because wetlands are very diverse, a brief single description is unsuitable; however, the 

author presents the generally accepted vegetational, soil (plant growth medial), and 

hydrologic features used to delineate wetlands. Furthermore, users of this manual will 

appreciate the dichotomous key to open water communities and thirteen types of wetland 

communities recognized for the "Great Lakes Region". Subsequently, there are descrip¬ 

tions of each community with a selected list of common plant species. After a brief 

introductory statement under the heading "Family Keys", the treatment of the wetland 

flora begins with sets of artificial and natural dichotomous keys to groups and families of 

vascular plants. Subsequent to the "Family Keys," is an additional practical feature of the 

manual entitled "Woody Plant Key" which is actually two sets of keys. One set is to 

wetland trees and the other to wetland shrubs and vines. 

The largest portion of the manual (500 pages) treats over 900 species of aquatic and wet¬ 

land plants. This portion of the book is organized alphabetically by families under four 

different groups: ferns and fern allies, gymnosperms, dicot angiosperms and monocot 
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angiosperms. Concise family descriptions are followed by keys when two or more spe¬ 

cies represent a family. On the other hand, if a family is represented by a single species 

in the manual, the description of that species suffices for the family description. Keys to 

species may be preceded by generic or subgeneric keys for complex families and genera. 

The utility of the manual is enhanced when going from keys to the descriptions and illus¬ 

trations of species, because within families, generic names are arranged alphabetically 

and are clearly visible. And within genera, species are arranged alphabetically. In addi¬ 

tion to descriptions and illustrations, each Latin name of a species is accompanied by its 

common name, wetland indicator status ranking, and habitat and distribution notations. 

Also, synonymic and taxonomic comments are included when considered appropriate by 

the author. The illustrations of the species are borrowed from other publications as 

acknowledged by the author and thus, they are somewhat inconsistent in detail and qual¬ 

ity. Nevertheless, they add considerable value to the manual. A minor criticism is in the 

construction of the dichotomous keys. They lack the second number for each set of cou¬ 

plets, which may result in some users skipping past the second part of a couplet on to the 

next set. However, this feature is more of an initial annoyance that quickly diminishes as 

one becomes familiar with the manual. 

Chadde's comprehensive and utilitarian manual is an important contribution to plant tax¬ 

onomy and plant ecology of wetlands of the upper midwest. Its size (ca. 6X9 inches) is 

convenient for field and in-house usage, and its price is reasonable. It should be within 

arms-reach of anyone working with, or wanting to learn about, aquatic and wetland plants 

of the "Great Lakes Region" and neighboring areas. 

Reviewers: James R. Rastorfer, Chicago State Unversity, Chicago, IL 60628 and Judith B. Rastor- 
fer, Rich South High School, Richton Park, IL 60471 
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Annual Meeting 
Paper Presentation Awards 

Botany Division 

15‘ Place 

JESSICA LUCAS 
Southern Illinois University - Carbondale 

Anatomy and Ultrastructure of Homwort Stomata 

2nd Place 

SARAH TOFARI 
Southern Illinois University - Edwardsville 

Reproductive Biology of the Threatened Floodplain Species Boltonia decurrens and a 

Widespread Congeneric, Boltonia asteroides var recognita 

SARA AMMANN 
Southern Illinois University - Edwardsville 

A Qualitative Comparison of Terminal and Basal Achenes of Schoenoplectus hallii 
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Research Grant Awards 

SEAN A. COLLINS 
University of Illinois - Urbana Champaign 

Genetic Structure of the European Hornet, Vespa crabro, an Introduced Social Wasp 

PATRICIA HERMAN 
Southern Illinois University - Edwardsville 

Fluctuating Asymmetry as a Sublethal Indicator of Lead Contamination 

in Native Missouri Fishes 

YICHING LIN 
University of Illinois - Urbana Champaign 

Temporal Patterns of Natural Disturbance in Central Illinois - "Domino Effects" 

of Dutch Elm Disease on Forest Dynamics 

SHEILA LYONS-SOBASKI 
University of Illinois - Urbana Champaign 

The Role of Gene Flow in Structuring Populations of Prairie Rose-Gentian, 

Sabatia campestris, in Illinois 

MEGAN J. ROY 
Loyola University 

Organization of Centromeric Satellite I DNA on Human Chromosome 21 

STEPHANIE M. UDER 
Southern Illinois University - Edwardsville 

Expression and Biological Activity of Recombinant Human Secretin 

ANDREW WILBER 
University of Illinois - Springfield 

Physical Mapping of the Chloramphenicol Biosynthesis Gene Relative to argC 

Streptomyces venezuelae ISP5230 Chromosome 
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Future Annual Meetings 

April 20 & 21,2001 
Western Illinois University 

April 19 & 20, 2002 
Southern Illinois University - Edwardsville 

Academy's Web Address 
www. i l-st-acad-sci .org 
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Research Grants 
For information and applications contact: 

Dr. Paul Sorensen 
Department of Biological Sciences 

Northern Illinois University 
DeKalb, IL 60115-2861 

(voice) 815/753-7848, (fax) 815/753-0461, (email) psorensen@niu.edu 
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3 51 85 00342 5814 

Information for Contributors 

Submission Information 
1. Original communications may be sent to: Transactions of the Illinois State Academy of 

Science, Illinois State Museum, Springfield, Illinois 62706. 

2. Submission of a paper to the Editors will be held to imply that it has not been published 
previously except in Abstract form and, if accepted, will not be published elsewhere in the 
same form, without written consent of the Editors. 

3. The format for manuscripts should follow a form appropriate to the specific discipline; 
most commonly, e.g., Abstract (no more than 250 words), Introduction, Materials and 
Methods, Results, Discussion, and Summary. 

4. Manuscripts should be typewritten, double-spaced on one side of bond paper (8.5" x 11") 
with a left hand margin of not less than 1.5 inch. The author must submit one original and 
two copies of the manuscript, and should retain a copy. 

5. Tables and figures may be incorporated within the manuscript or included at the end of the 
manuscript. Tables must be numbered consecutively in the order in which they are referred 
to in the text. Likewise for figures. 

6. Both genus and species must be given for all organisms used in the investigation. 

7. In the text, references should be quoted by the author's name and date, e.g., (Smith, 1960). 
Footnotes are to be avoided. 
a. At the end of the manuscript, full references, in alphabetical order, must be listed and 

include the names of the authors, date of publication, full title of the paper, title of 
the journal, volume number, and the first and last page numbers. References to books 
must include the number of the edition, publisher, and place of publication. 

Acceptance Information 
8. Each manuscript will be reviewed by no less than two anonymous reviewers. 

9. For manuscripts deemed acceptable for publication, authors must address the reviewers 
comments and provide a revised manuscript copy to the Editor. 

Publication Information 
10. Upon final acceptance of manuscripts for publication the author shall provide a computer 

disk and hard copy version of the manuscript to the Editor containing all text and tables. 

11. Where possible, all graphs, charts, and diagrams should likewise be provided on disk in 
suitable graphic format. Otherwise these will be scanned directly from authors originals, 
though quality may be diminished. 

12. Photographs and photomicrographs should be black and white glossy prints as they will 
be reproduced via gray-scale photo-offset. All items must be submitted in a camera ready 
form with appropriate legend. The entire printed area must fit within a centered 8 inch by 
5 inch area, including room for figure heading. More than figure may appear on each page 
as long as appearance of the page is not cluttered. 

13. Galley proofs will be sent to the author, first-mentioned author, or designee for 
correction. Corrections to the page proofs must be restricted to printer's error only. Other 
alterations will be charged to the author. 

14. The page charge for members is $30.00 per page. The charge for non-members is doubled. 
Twenty-five reprints will be provided to the author by the Academy. 
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